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PREFACE 


The object of this work has been the presentation of the 
elementary and fundamental principles underlying the opera- 
tion of ice making and refrigerating machinery; the properties 
and values of principal media used in modern refrigerating 
apparatus; the fundamental laws underlying the transfer of 
heat; the design, construction, and operation of the various 
parts of refrigerating apparatus; together with the application 
of refrigeration to some of its most important uses. 

The book will be found useful for beginners in the study of 
refrigeration, and as a textbook for students in technical 
schools. It provides information and data for the practicing 
refrigeration engineer. It is believed that the work will prove 
of special interest to erecting and operating refrigerating en- 
gineers, refrigerating machinery sales engineers, persons em- 
ployed in building refrigerating machinery, and those employed 
in ice making, cold storage plants, or other establishments 
equipped with refrigerating machinery. In general, the work 
contains information that it is necessary the refrigerating en- 
gineer should know in order that he may have complete and 
up-to-date knowledge of the theory and practice in this field of 
endeavor. 

The work is in everyday language, and as free as possible 
from higher mathematics. The method of treatment has been 
to present a comprehensive treatise on the fundamental prin- 
ciples. With a firm grounding of these fundamental principles, 
the practitioner is enabled to intelligently design or operate 
refrigerating machinery. The theoretical and fundamental 
operating principles are given attention first. This is followed 
by numerous practical considerations and the application of the 
fundamental principles to the economic production of ice and 
refrigeration for various purposes. 

This book is used by the National Association of Practical 
Refrigerating Engineers for their National Lecture Course. It 



IV 


PRINCIPLES OF REFRIGERATION 


is used in this form as a method of study for the practical op- 
erating refrigerating engineers belonging to the Chapters of 
that Association located in various cities of the United States, 
as well as by its members-at-large. 

The author has drawn extensively on his wide experience 
as a refrigeration engineer and teacher of refrigeration engi- 
neering for materials for this work. During his practice with 
manufacturers of ice making and refrigerating machinery, and 
his instructional work in the Ohio Mechanics Institute, Cin- 
cinnati, O.; the University Extension Division of the Univer- 
sity of Wisconsin, Madison, Wis. ; the Siebel Institute of Tech- 
nology, Chicago, III.; and at the Chicago Chapter of the Na- 
tional Association of Practical Refrigerating Engineers, many 
notes were collected which were used directly in the compila- 
tion of this book. 

The author has also obtained considerable information from 
technical journals, manufacturers’ catalogs, refrigerating engi- 
neers, and trade associations, for which proper credit has been 
given. The author also wishes to gratefully acknowledge here 
the assistance given to him by various associations, publish- 
ers, manufacturers, engineers, and others, during the compila- 
tion of the subject matter of this work. 

The author is especially grateful to E. S. Libby, Professor 
of Refrigeration, Armour Institute of Technology, Chicago, 
III. ; H. G. Venemann, Professor of Refrigeration, Purdue Uni- 
versity, Lafayette, Ind.; Chairman and member, respectively, 
of the Educational and Examining Board, N. A. P. R. E.; Fred 
I. McCandlish, Past-President of the National Association of 
Practical Refrigerating Engineers; and others, for valuable as- 
sistance received during the compilation of the subject matter 
of this work. 


W. H. Motz. 
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CHAPTER I. 


INTRODUCTION AND ELEMENTARY 
REFRIGERATION SYSTEMS. 


Development of the Science of Refrigeration. — The practice ol 
cooling bodies below the temperature of the atmosphere has been fol- 
lowed for centuries. One of the early methods consisted of the evapo- 
ration of a part of the liquid to be cooled by putting the licjuid int«j 
porous vessels which were hung in a current of cool moving air. This 
l)ractice was followed in localities where the atmosphere was warm 
and dry. Another early method consisted of the construction of arti- 
ficial caves or cellars in the ground, into which perishable goods were 
placed to retard decomposition. In most all countries a temperature 
of 50® to 60° F. may be obtained in these cellars. Another early mctho<l 
of obtaining low temperatures consisted of the use of freezing mix- 
tures. Such mixtures as water and saltpetre, snow or ice and salt- 
petre, snow and salt, etc., have been used for ages. In a like manner 
use was made of ice. The ice, after being harvested in the winter, was 
stored in caves in the ground. In this manner man was able to secure 
a supply of ice to preserve his perishable foods during the summer 
months. 

Thus from the creation of man until nearly modern times the only 
available means of producing refrigeration were those mentioned 
above. It was not until the year 1755 A. D. that the first experiments 
were performed in order to discover a means of producing refrigeration 
mechanically. Therefore mechanical refrigeration may be said to date 
from the year 1755, at which time the temperature-pressure relations of 
certain refrigerating fluids were observed. 

During the next seventy-five years many experiments were per- 
formed and many experimental machines were constructed. The 
vacuum machine, sulphuric acid machine, water machine, etc., were 
brought out during this period. 

However, the real foundation for the development of the compres- 
sion and absorption machines was made in the year of 1823, when it 
was discovered that certain refrigerating fluids could be liquefied, after 

1 
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i-oinprc'-eil i<i a hij^h pressure aiul then cooled. Fhese eNi)eri- 
nionts were pcrtornied by Michael Faraday, ot b-nj^laud. 

Then in IS.U the first compression machine was invented. This 
was a crude ether compression machine l)Ut was the first machine to 
produce refrigeration or ice in commercial cjuantities by mechanical 
means. This was brought out by Jacob Perkins, an inventor an<l engi- 
neer, born in Massachusetts. 

In tlie vear of 18.^0 the pn^luction ot refrigeration by means of the 
col<l air machine was inv ented by John florrie, an American. Five years 
later, in 1855, the first absorption machine was invented. This was a 
crude affair, but it was the forerunner of the modern absorption system. 
^hi^ system was developed by Ferdinand Carre of France. A steam 
coil for distilling off the ammonia was not used until 1865, and in the 
>amc year the first transparent ice was made from distille<l water in 


the United States. 

Til the years of 187.1-75 the first successful ammonia compression 
machines were introduced by C. P. G. Linde, of Germany: and David 
Boyle, of the United Stales. From 1875 to 1890 many new forms of 
apparatus were ]iroduced and certain improvements were made. 

Until the year 1890 the practical utilization and commercial ap])li- 
cation of refrigeration were quite limited, and the development of the 
art of refrigeration had seemed to come to a stand-still, but there oc- 
curred in the year 1890 an incident that awakened the general public 
to the possibilities of the use of mechanical refrigeration. This inci- 
dent was the greatest shortage in the crop of natural ice that has ever 
occurred in the United States. Thus to this peculiar incident 
accredited the impetus that started the rapid development and utiliza- 
tion of mechanical refrigeration in the United States. 

Another important happening in the same year was the conception 
of the first trade journal in the world devoted exclusively to the ice 
and refrigerating industries. Thus the premier refrigeration jouimal. 
Ice and Refrigeration, was conceived in 1890 and published for the first 
time on July 1, 1891. 

As the basic principles underlying the operation of refrigeration ap- 
paratus were discovered and brought out before the year 1890, it was 
only necessary to develop the many improvements in design and opera- 
tion in the succeeding years in order to provide means for universal 
application. Many improvements were incorporated into the mechani- 
cal design of the compressors. More efficient methods of condensing 
the discharged gases were brought out. Fittings, accessories, etc., were 
improved and standardized more or less. New flooded or gravity feed 
systems for the evaporating surfaces were introduced. The process of 
the manufacture of clear merchantable ice from raw water was intro- 
duced and perfected. Thus during the last forty years the ways and 
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means of iirucluchig refrigeraiion iia\ e been so inipno cc! that it can In 
practically a])pHec! to many processes in the indnstrial \^•orl^l in an etti 
cient manner. 


Methods of Production of Refrigeration. — Among the commercially 
)>ractical refrigerating systems the following are the most important : 

1. Natural and maiiufactured ice. 

1 . Compression system using liquetial)le fluid las anhydrous am- 
monia). 

.L Absorption using liqucrtable fluid (as aipia ammonia). 

While the foregoing methods of i)roduction «•£ refrigeration arc the 
most important commonly used systems, it is prohal>le that a more 
general understanding of refrigeration, as a whole, may be obtained by 
studying the following outline, which, in addition to gi\'ing those which 
arc commonly used, gives the other systems which are sometimes used 
for more or less special ai)plication.s to refrigeration, 


Outline oe Methods for I’ROofctNC Refrigeration, 


( water 
ether 
others 


Non-mechanical 


Cooling by melting 
of solids 


ice, natural and 

manufactured. 

others 


Cooling by freezing 
mixtures 


Cooling by 
sublimation 


ice and salt 
ice and calcium 
Ichloride 
[others 

r 

jCarbon dioxide ice 


Mechanical 


Direct cooling by 
evaporation of 
liquids 


compression system 
absorption system 
vacuum system 
adsorption system 


Indirect cooling by ^compressed air 
gases /forced air 


Indirect cooling 
b}' liquids 


brine circulation 
water circulation 
others 
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Refrigeration by Evaporation. — One of the early methods consisted 
Ilf the evaporation of part of the liquid to be cooled in porous vessels 
which were hung in a current of cool moving air. The liquid which was 
commonly used for this purpose was water and the method of using 
water for cooling in this method is illustrated as shown in Fig. 1. 

For the purpose of cooling food a porous earthen jar was first sub- 
merged in water for a few hours so that the water would penetrate into 
the walls of the jar. .After this the jar was removed from the water 
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Fig. 1. — Cooling by Evaporation. 


and the food products to be cooled stored in jars. The jar was then 
placed into a cool current of moving air, as shown in Fig. 1. The evapo- 
ration of the water contained in the porous walls of the jar was suffi- 
cient to lower the temperature of the material inside of the jar a few 
degrees below that of the surrounding atmosphere. The water in the 
porous walls was in the liquid form, and in order to change the water 
from a liquid form to the vapor form, or, in other words, to evaporate 
it, it is necessary that a certain amount of heat be added to the water. 
This heat, which is absorbed by the water in evaporating, comes from 
the material stored in the jar, thereby producing the required cooling 
effect. As shown in Fig. 1, water may be placed in an earthen jar and 
cooled in the same manner as foods. In case of cooling the water in 
the earthen iar, a small amount of water passes through the wall and 
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evaporates at the exterior surface of the wall, thereby producing the 
desired cooling effect. The relative amount which the water may be 
cooled below the atmospheric temperature by the evaporation method 
depends upon a number of factors, such as the temperature of the air, 
the relative humidity*, and the local conditions. By relative humidity 
is meant the relative amount of water vapor contained in the air, as 
compared to the amount that the air can contain when it is completel\ 
filled or saturated with water vapor. Under this condition it will be 
observed that when the air is saturated with water vapor, there could 
be no evaporation of the water in the earthen jar, under which condi- 
tion no cooling effect could be produced. On the other hand, when the 
air contains only a fractional part of the moisture which it ma\’ contain, 
depending upon the temperature, it is evident that it may absorb more 
water vapor by coming in contact with the small drops clinging to the 
exterior surface of the walls of the jars. For example, in a locality 
where the relative humidity is as low as 29 per cent, the theoretical 
temperature obtained by the evaporation of the water when the air 
passes over it is 67° F., when the initial temperature of the air is 90° F. 
This latter temperature of 67° F. is called the wet-bulb temperature, 
which, as the name indicates, is the temperature obtained on a ther- 
mometer, the bulb of which is covered with a piece of soft cloth or 
wick, that is kept moist with water. Depending upon the local condi- 
tions, such as the shape of the earthen jars, their location in reference 
to the moving currents of air, etc., it will be possible to cool the fluid 
in the water within a few degrees of the wet bulb temperature which in 
the above example was 67° I'. 

Limited amount of cooling effect for purposes other than the cool- 
ing of food, may be obtained by evaporation <.f limited quantities of 
liquid such as ether and the like. 

In the method of cooling by the evaporation of liquids, the re- 
frigerating or cooling effect is produced by the liquid absorbing its 
latent heat of evaporation, thereby changing its state from the liquid 
to the vapor state. In order to change the state of the materials from 
that of the liquid to-that of the vapor, it is necessary to supply a certain 
amount of heat which is dependent upon the individual kind of liquid 
used, and its relative evaporating temperature. 

Cooling by the Melting of Solids.— In this method of producing a 
cooling or refrigerating effect, the heat absorbed in the process is taken 
up by a solid form of some substance, changing or melting to the liquid 
form. In order to change the state of the material in a solid form to 
thej^e of the material in the liquid form, a certain amount of heat 

* For more complete explanation of properties of air see Chapter XVI. 
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must be a<i<lc(l winch is dcpeiKlcMU the kind oi sul)stance used and 
its relative lenipcraturo and pressure. The heat which is necessary to 
change a materia! from the solid to the Ii()uid state is sometimes called 
the latent heat of fusion or melting. One of the solids which is most 
commonly used for this purpose is ice. which is water in the solid form. 

Investigations to determine the exact latent heat of fusion of ice 
have been carried on by many men at different times. The most au- 
thentic researches and tests have been made by the United States Bu- 
reau of Standards and a detailed report of the investigations and result 
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Fig. 2. — Cooling by Melting Ice. 


was given in a paper presented by Dr. H. C. Dickinson at the Third 
International Congress of Refrigeration, held in Chicago in 1913. The 
.American Association of Refrigeration was instrumental in obtaining 
appropriations from the United States Congress by means of which 
the Bureau of Standards was able to carry out the necessary research 
work. The Bureau found the exact latent heat of fusion of ice to be 
143.5 Btu. per lb., but for convenience in calculations, a round figure of 
144 Btu. per lb. has been generally adopted as a standard. The ap- 
proximation is very close, however, and is accurate enough for all 
practical purposes. 
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In the elementary ice system shown in Fig. 2, the ice absorbs its 
heat of fusion from the air in the compartment, thereby changing from 
solid to liquid state, and maintaining at the same time a temperature 
of 40° to 45° F. in the cooler. 

The solid ice which is used for this purpose may l)e produced by 
natural or mechanical means, but the refrigerating or cooling effect is 
practically the same, regardless of the method of producing the ice. 
The use of solid ice for producing refrigeration or a cooling effect is 
shown practically by Fig. 2. In this figure is shown an insulated com- 
I)artment or refrigerator, into which a quantity of ice is placed. The 
solid form of water or ice has a peculiar and individual characteristic 
of melting always at a temperature of 32° I', under atmospheric pres- 
sure conditions. This property of a low melting temperature, together 
with the latent heat of fusion, or melting, are taken advantage of in the 
method of cooling by the melting of the ice as shown by Fig. 2. In 
this figure, a quantity of ice produced either by natural or mechanical 
means, is placed in the insulated compartment for the purpose of main- 
taining a temperature below that of the surrounding air. When the 
compartment is well insulated, and is supplied with a sufticient quan- 
tity of ice, it will be possible to maintain an air temperature inside of 
the refrigerator from 40° to 50° F. when the air on the outside of the 
refrigerator is at a temperature of 70° to 80° 1*'. The heat flows b) 
natural tendency from the air on the outside at a temperature of from 
70° to 80° F., into the air at a temperature of 40° to 50° F. on the in- 
terior of the refrigerator or insulated compartment; the air, coming in 
contact with the surface of the melting ice, will be cooled. This cooling 
of the air makes it heavier, in consequence of which, it sinks to the 
floor of the refrigerator as shown in Fig. 2, allowing additional warmer 
air to take its place at the surface of the melting ice. On account of 
the characteristic melting temperature of 32° F. for the ice, the heal 
will therefore flow from the air at 40° to 50° F., to the melting ice sur- 
face which is always at the temperature of 32° F. The resulting water 
which is formed, due to the melting of the ice, is then removed from 
the refrigerator by means of a suitable drain pipe. In order to main- 
tain the temperature fairly constant in the insulated compartments, it 
is evident that the ice supply must be replenished from time to time 
so that sufficient surface is always exposed to the air in the refrigera- 
tor. It is evident that this water which results from the melting of the 
ice, may be changed back again into solid ice, and this ice reinserted 
into the compartment for the purpose of absorbing its latent heat of 
fusion or melting. Of course, due to the fact that water is abundantly 
distributed, it is not usually considered advisable or practical to re- 
freeze the water coming from the refrigerator. 
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Cooling by Freezing Mixtures —In the case of the melting of the 
ice, 144 heat units (Btu.) must be supplied to each pound of ice in order 

to change it from solid ice to water at 32® F. 

Lower temperatures may he produced in small quantities by certain 
freezing mixtures. As previously indicated, when ice is used, tempera- 
tures as low as 40® to 45® F. may be obtained. When it is necessary 
to maintain lower temperatures, and when only a small amount of re- 
frigeration is required, the so-called freezing mixtures may be used. 
One of the most commonly used mixtures consists of salt and ice. The 
salt is the common salt or sodium chloride and the ice may be cracked 
or crushed ice, or even snow. The action of the mixture is such that 
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Fig. 3. — Cooling by Freezing Mixture. 


the temperature of mixture will be lowered several degrees below 32® 
F, The actual amount of lowering of the temperature will depend 
upon several factors, such as the relative proportion of salt and ice in 
the mixture, the relative size of the ice and salt particles, the rate at 
which heat is added to the mixture, the relative shape of the container, 
and the relative amount of brine and solid ice in the mixture. The 
principal action which causes the reduction of temperature in this 
method of producing refrigeration may be described briefly as follows : 

When two solids such as ice and salt are mixed together to form a 
liquid, a certain amount of heat is evolved, due to the fact that both 
undergo a change of state, namely from solid to liquid. The ice will 
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absorb its latent heat of fusion in melting. In the case of the salt, the 
latent heat of solution will be absorbed and this varies with the density 
and temperature of the resulting brine. This latent heat required for 
dissolving the salt and melting the ice is taken from the mixture itself, 
thereby cooling the mixture below the temperature of pure solid ice. 
This method of producing refrigeration is illustrated in Fig. 3, which 
shows the freezing of ice cream by means of the salt and ice mixture. 
If the mixture contains 15% salt the resulting temperature of the mix- 
ture will be approximately 11® F. 

Under this condition, the heat will flow from the ice cream mixture 
until the temperature has been reduced from the initial temperature of 
50® to 60® F. to the freezing point of approximately 26® F. At the tem- 
perature of 26® F., the cream will begin to freeze, the heat flowing from 
the cream at an approximate temperature of 26® F. into the freezing 
mixture at 11® F. Increasing the proportion of salt used in the mix- 
ture, lowers the freezing point correspondingly. Other substances may 
be used in a similar manner for producing freezing mixtures. For ex- 
ample, if two parts of snow are mixed with three parts crystals of cal- 
cium chloride, the temperature of the mixture will fall from 32° F. to 
approximately —50® F. Mixtures of solid carbon dioxide and acetone 
are used for temperatures below — 70° F. 

Cooling by Sublimation. — Sublimation is the changing of a solid to 
vapor state without passing through the intermediate state of liquid. 
Due to the change of state latent heat will be absorbed during the sub- 
limation process, and hence refrigeration may be produced. 

Solid carbon dioxide is an example of this process and is used for 
])roducing refrigeration for the shipping and holding of frozen prod- 
ucts. 

The carbon dioxide is used in the cake or block form. It has a tem- 
perature of —109° F. or lower at normal atmospheric pressure. In- 
stead of melting to liquid as water ice does, the solid carbon dioxide 
sublimes, that is, passes directly from solid to vapor state. This is one 
of the advantages of this substance when used as a refrigerant as it 
does not wet packages or materials refrigerated with it. 

Evaporation of Liquids. — Practically all mechanical refrigeration 
systems utilize the evaporation of some liquid refrigerant at a low tem- 
perature. During evaporation the liquid is converted into a vapor. 
The various direct systems in use differ only in the method of restor- 
ing the vapor to its liquid state. The names of these systems suggest 
the method used in the restoration process rather than the method of 
producing refrigeration. 

An elementary evaporating system using a volatile fluid is indicated 
in Fig. 4. A container for holding the refrigerant is put into the insu- 
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lated compartment as shown. The refrigerant may be any of the com- 
monly used media such as ammonia. If the ammonia in the container 
is subjected to the pressure of the atmosphere as indicated in Fig. 4, 
the temperature of the ammonia vapor as well as the liquid is —28® F. 
under this condition, and then the compartment may be^ maintained at 
0® F. while the temperature on the exterior may be 80® F. The heat 
from the air in the interior of the compartment flows by natural tend- 
ency into the ammonia, which causes it to boil or evaporate out of the 
container. A constant temperature of —28® F. exists during the 
process of evaporating. 



As previously indicated, when heat is added to a substance without 
change of temperature, a change of state is produced, such as liquid to 
vapor, as in this case. The heat required to produce the change from 
liquid to vapor state is called the latent heat of evaporation. 

In the case of ammonia liquid at —28® F., corresponding to atmos- 
pheric pressure, 589.3 Btu. are required to completely vaporize each 
pound. This 589.3 Btu. is known as the latent heat of vaporization. 

Thus in the elementary direct expansion system the heat which 
passes through the insulation together with the heat removed from the 
materials stored in the cooler are transmitted by the air to the boiling 
ammonia in the vessel. The ammonia absorbs its latent heat at the low 
temperature and thereby produces the desired refrigerating effect. In 
the system shown by Fig. 4 the resultant vapor from the boiling re- 
frigerant is allowed to escape to the atmosphere. 
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If the ammonia, liquid had been introduced into the v essel at a lein 
perature higher than — 28° F., for example, 80° F., then part of its 
latent heat of vaporization (119.2 Btu. per pound) would have been 
used to cool itself down to —28° F. and only the balance 470.1 Htu. 
per pound would have Iveen available for ])roducing refrigeration. 



Under certain conditions it is desiral^le ti> make use of the brine 
system of refrigeration. An elementary brine system is illustrated in 
Fig. 5. The general principle underlying the operation of this system 
is the same as that of the elementary direct expansion system. 

To maintain the insulated compartment at 30° F. a vessel contain- 
ing liquid ammonia is inserted into a quantity of brine which cools and 
maintains the brine at 0° F. The heat from the atmosphere at 80° F. 
on the outside is transmitted through the insulated wall to the air in 
the box at 30° F. This heat in turn is transferred by the air and brine 
to the boiling ammonia at —28° F. causing it to evaporate. The tem- 
perature differences between the atmosphere and air in the compart- 
ment, between the air and the brine, and between the brine and the 
))oiling ammonia causes the necessary amount of heat transference. 

An elementary ice freezing system is shown in Fig. 6. A vessel 
containing liquid ammonia or other refrigerant is inserted into a quan- 
tity of Wine. The ammonia, being exposed to the pressure of the at- 
mosphere has a temperature of —28° F. and may maintain the brine 
at 12° F. On account of this reduced temperature, the water surround- 
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ing the brine container freezes on the surface of same, as shown by 
P'ig. 6. The ammonia vapor escapes to the atmosphere after having 
absorbed its latent heat of evaporation from the brine, which in turn 
absorbs the latent heat of fusion from the water. This causes the water 
to solidify into ice. The brine also absorbs the heat required to cool 
the water to the freezing point as well as the heat transmitted by the 
insulation. 

Compression Refrigerating System. — This system utilizes a me- 
chanically driven compressor to withdraw the low temperature vapor 
from the evaporator and compress it to a pressure sufficiently high 
when it may be condensed by water, air, or other economical mediums 

The complete cycle may be divided into four principal phases: 

(1) Evaporation of liquid at low temperatures. 

(2) Compression of vapor. 

(3) Condensation of vapor at high temperatures. 

(4) Throttling of liquid. 



Fig. 6. — Elementary Ice Freezing System. 


The essential parts of the compression refrigerating system are 
shown by Fig. 7. The compression refrigerating system shown in 
Fig. 7 uses ammonia as a refrigerating medium. If the pressure is 
maintained in the evaporator at 19.6 lbs., the characteristic boiling 
point of ammonia at this pressure is 5® F. ; under which condition, the 
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heat flows from the air in the refrigerator at the average leniperalure 
of 30° F. into the ammonia, causing it to he eva])orato(l. A certain 
amount of heat must be added to each pound of liiiuid aniinonia to 
change its state from the liquid to the vapor form. 'I'liis heat comes 
from that which is transmitted through insulation, <ir otlicrwise, into 
the room, and is finally transmitted to the evaporator surface by means 
of the circulation of the air in the room. The ammonia vai)or is with- 
drawn from the evaporator as fast as it is produced by a mechanically 
operated piston compressor. The type shown in Fig. 7 is tlie single- 
acting type in which the down stroke is the suction stroke and the uj) 
stroke is the compression or discharge stroke. 

Another characteristic property of ammonia, as well as other !i([ne- 
fiable fluids, is that its condensing pressure rises in some proportion in 
the increasing of the temperature. Conversely, it may be stated that 
the evaporating temperature will be lowered in some proportion to the 
lowering of the suction pressure. In the case of the evaporator, it i> 
evident that the temperature of the boiling ammonia must be main- 
tained a few degrees below the average temperature in the refrigerator, 
so that the heat will flow from the materials in the refrigerator into the 
ammonia, causing it to be evaporated, thereby producing the desired 
refrigerating effect. On the other hand, it will be observed that the 
heat absorbed in the refrigerator, together with heal absorbed during 
the process, must be discharged at some higher temperature. The ma- 
terial which is most commonly used for heat taken out of the refriger.i- 
tor, and the heat added during the process, is water. .Air is used some- 
times. Due to the fact that the temperatures of water sui)pHes are in 
nearly all cases above the temperatures desired in the refrigerator, it is 
evident that the pressure of the ammonia must be changed or increased 
so that its condensing temperature is a few degrees above the average 
temperature of the water supply. 

This fact establishes the function of the compressor, which may be 
briefly stated as follows: 

The compressor raises the pressure of the ammonia from the pres- 
sure corresponding to the evaporating temperature in the refrigerator, 
to the pressure corresponding to the condensing tem])erature in the 
condenser. If it is supposed that a water supply is available at a tem- 
perature of 70° F., and that the water in passing through the condenser 
rises to 80° F., it is possible to maintain a condensing temperature of 
86° F. for the ammonia in the condenser. The characteristic pressure 
corresponding to this temperature for ammonia is 154.5 lbs. gauge. The 
function of the compressor, therefore, is to withdraw the ammonia 
vapor of the evaporator as fast as it is formed at the pressure of 19.6 
lbs. gauge and to compress this resulting vapor to a pressure of 154.5 
lbs. per sq. in. gauge. It is evident that the pressure and temperature 
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Fig. 7. — Compression Refrigerating System. 
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in the evaporator will depend upon the leinperalure de^ired in the re 
trigerator, and that the pressure and temperature in the condenser will 
•lepend upon the temperature of the available water supply. When 
the evaporating pressure is 19.6 lbs. per sq. in. gauge, and the ammonia 
comes to the compressor in the dry or saturated state, that is without 
suspended particles of liquid, the temperature after compression will 
be approximately 210° F. The function of the condenser, therefore, is 
to cool the hot ammonia gas from a temperature of 210° F. down to the 
condensing temperature of 86° F. In the condensing zone of 86° F., 
the heat goes from the ammonia at this temperature into the water ai 
a lower temperature, until the latent heat of condensation has been 
transferred into water, thus changing the vapor ammonia to the liquid 
state. The liquid ammonia at the temperature of 86° F. is led from the 
condenser to a suitable liquid receiver which acts as a storage tank, 
This storage tank or receiver is connected by a suitable pipe line con 
nection to the so-called expansion or throttle valve. The pressure and 
temperature of the liquid ammonia just before the ammonia valve is 
154.5 lbs. per sq. in. gauge and 86° F. respectively. The so-called ex- 
pansion or throttle valve serves the purpose of reducing the i)ressure 
from the high pressure existing in the condenser to the low ])rcssure 
existing in the evaporator. The liquid amnmnia has been therefore 
returned to the evai)orator in the liquid stale to be rc-evaporated and 
used over and over again. This completes the four principal phases of 
the compression refrigerating cycle. The system is reijresented dia- 
grammatically by big. 7 and the compressor may be run by any suit- 
able prime mover. The compression refrigerating system, as illus- 
trated in Fig. 7, will maintain a temperature of 30° F. in the insulated 
compartment when the atmospheric temperature is 80 F. It can be 
used in a similar manner, to maintain other temperatures ranging from 
—25° F. to 65^ F. in the refrigerated compartment. It is made in sizes 
ranging from a small fraction of a ton of ice melting effect per day to 
as large as 1000 tons of refrigeration per day. 


Absorption Refrigerating Machine. — The absorption refrigerating 
machine has been extensively used for the production of refrigeration 
where especially low temperatures are rciiuircd, or where there has 
been a considerable quantity of waste heat in the f.»rm of steam avail- 
able. The absorption refrigerating system is .shown diagrammaticallv 
by 1 ig. 8, which illustrates the principal parts of this type of refrigerat- 
ing machine. In this system, the condenser, expansion valve receiver 
and evaporator, are of the same type that is used in the compression' 
refrigerating machine. The systems differ primarily in reference t<. the 
iiKthod of extracting the vapor from the evaporating cr.ils ami dis- 
charge of same in condenser. 






Fig. 8. — Absorption Refrigerating System. 





ELEMENTARY REFRIGERATION SYSTEMS 


17 


The vapor from the evai)orating coil>. is rcnn'vod troin same li\' dis 
solving it in a weak solution of aninnmia in water. Water has a 
great affinity for ammonia, dissolving witliin itself, many times its tiwn 
volume of ammonia. This part of the s\ stem i-' calle<l the al)sorl)er, 
shown in Fig. 8. 

The absorber consists primarily of four elements ; 'I'he shell for re- 
taining the solution of ammonia in water ; a device for introducing th ! 
vapor from the evaporator into the aqua ammonia solution; a water 
coil for removing heat from the absorber: and strong and weak a(ina 
connections. The ammonia from the evaporator is led to the absorber 
in a vapor form. It is first condensed ami then di>sol\ed in the weak 
aqua ammonia solution in the absorl>er. 

This change of state liberates latent heats, which are removed by 
water flowing through the water cooling coil, thus maintaining the ab- 
sorber at a uniform temperature. The temperature of the solution in 
the absorber will always be a few degrees above the average lemi)era- 
ture of the water in the coil. 

The percentage of ammonia which the solution will absorb depemls 
upon the relative evaporating pressure and the iemi)erature which is 
maintained in the absorber. When the solution has absorbed all the 
ammonia it is able to liold at the pressure and temperature, it is then 
led through a pump which discharges the strong acpia mnmonia into 
the generator, or distilling apparatus. The pressure in the absorber 
corresponds very closely to the pressure in the evaporator, while the 
pressure in the generator corresponds very closely to the pressure in 
the condenser. 

The function of the pump is therefore simply to rem<»ve the strotig 
aqua from the absorber and discharge it into the generator. By intro 
ducing steam into the steam heating coils in the generator, it is pos- 
sible to bring the solution to the boiling point, and to boil it, thereby 
distilling the ammonia vapor (and some water vapor from the solu- 
tion). The temperature of the boiling solution in the generator will 
be determined by the relative condenser pressure and the percentage 
(>f the ammonia in the weak aqua ammonia as it leaves the generator 
to go back to the absorber. 

The temperature of the steam in the steam heating coil must al- 
ways be a few degrees higher than the boiling solution in the genera- 
tor, so that the heat will flow from the steam into the solution, causing 
it to boil and thus driving off the ammonia vapor. The ammonia vapor 
then passes on to the condenser, where it is condensed, and then re- 
turned to the expansion valve in liquid form. 

The Vacuum Process.— In the vacuum process, water is made to 
boil at a low temperature and pressure and thus produce refrigeration 
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or ice. For example, water at an absolute pressure of 0.0886 lbs. will 
t)oil at 32® F. The volumes of water vapor to be handled are large, 
since a pound of water vapor or steam will occupy 3,294 cu. ft. of space 
at an absolute pressure of 0.0886 lbs. per sq. in. 

These large volumes of water vapor may he handled by a vacuum 
pump, but owing to mechanical difficulties, due to large sizes and high 
\acuum, the water vapor is sometimes absorbed in a good absorbent 
Mich as sulphuric acid. The acid becomes saturated with the water, 
may be reconcentratcd by rcboiling, and then used over and over again. 
Such machines are not used \’erv extensively. 

The Adsorption System. — The adsorption system is illustrated by 
the silica gel refrigeration system. It usually operates on the inter- 
mittent cycle, similar in effect to the intermittent absorption machine. 

Silica gel is a hard, glassy material of extremely porous character. 
The presence of the minute \oids or pores gives silica gel the ability 
to adsorb relatively large amounts of vapors or gases. After adsorp-' 
tion of the vapor or gas, the silica gel may be activated by heating, 
thus driving out the vapor and rendering it capable of re-adsorbing va- 
por again. This action is entirely physical and may be repeated in- 
definitely. 

Essentially the apparatus consists of four principal parts, namely: 
the adsorber, containing silica gel : the evaporator; the condenser; and 
the pressure-reducing element. Briefly the system is similar to the 
compression cycle. The conventional compressor is replaced by the 
adsorber. The adsorption of the refrigerant vapor by the silica gel 
corresponds to the suction stroke; the activation corresponds to the 
discharge stroke. No power is required for the silica gel or adsorption 
system. The necessary heat is applied directly to the silica gel. 

Indirect Air Refrigerating System. — The indirect air refrigerating 
system is shown diagrammatically by Fig. 9. This system consists 
primarily of a bunker room, containing evaporator coils for cooling the 
air, air circulating fan and connections, and air distributing devices in 
the refrigerated room and the bunker room. 

The evaporating coils may be connected to any type of refrigerating 
machine which produces an evaporating temperature that is a few de- 
grees below the average temperature of the air circulated. The air 
is thus cooled a few degrees in passing through the bunker room. It is 
then led to the refrigerator or cooler, where it absorbs heat, rising in 
temperature in proportion to the drop in temperature in the bunker 
room. Thus, the air, by absorbing sensible heat, will maintain the re- 
frigerated room and its contents at a low temperature'T Of course, the 
air must be circulated by means of a power driven fan or blower, but 
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when the piping system is covrcctly laid out. tlic ixiwer rcjuired for 
circulating the air will be reduced to a minimum. 

One of the principal advantages of the indirect air relrigeralinf^ sy,> 
tern is that it is possible to maintain a fairlv uniform temperature in 
all parts of the refrigerated room. 

Indirect Brine Refrigerating System.— In some refrigerating in- 
stallations, it is not advisable or desirable to install the refrigerant 
evaporating coils in the refrigerators or coolers directh . or where the 
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Fig. 9. — Forced Air Refrigerating System. 


application of the indirect air refrigerating system is not feasible 'Pile 
indirect brine refrigerating system is shown diagrammaticaliv bv 

arculating the bnne, brine coils in the refrigerated moms, together 
with suitable brine connections. The brine cooler coils may be coii- 
nccted to any suitable refrigerating machine which will maintain i 
suf^iently low evaporating temperature in the coils 

Ihe temperature of the evaporating reiriecraiu must -.Kv-.,.. i 

i'rthc “Wgta'or" "'■= -fHger" ting 

In this refrigerating system, the brine must always be a few detrrees 
below the at orage temperature of the air in the refrigerated rol Z 
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that the heat will How from the refrigerator into the brine, thus main- 
taining the refrigerated room at a certain low temperature. Thus, the 
heat must be transferred, first from the air to the brine in the re- 
frigerated room, and then from the brine to the evaporating refrigerant 
in the brine cooler. In this system, it is therefore necessary to main- 
tain two temperature differences between the evaporating refrigerant 
and the temperature in the refrigerator. Consequently, it is necessary 
to maintain a slightly lower refrigerant evaporating temperature, with 
this system, than when the evaporating coils are introduced into the 
refrigerated room directly; maintaining a lower refrigerating evap- 
orating temperature means that the power requirements would be 
increased and the compressor size will also be increased when the 
compression refrigerating system is used, 



Refrigerator or Cooler 

Fig. 10. — Brine Refrigerating System. 


The advantages of the system are that it is flexible in operation, and 
that it has certain safety features, due to the elimination of the re- 
frigerant from the refrigerator room directly. 

Brine Spray System. — The brine spray system, as the name indi- 
cates, is a system in which the brine is sprayed directly in the air to be 
cooled. The brine spray system is shown diagrammatically by Fig. 11. 
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The system consists of a brine spray header, to ^Yllich is atlaclied sev- 
eral brine spray nozzles, a brine proof bunker, a brine pump, l)rine 
cooler, and suitable brine connections. Passing through the spray 
nozzle, it is in the form of fine drops traveling through the air, and be- 
fore they fall to the bunker floor, they are heated a few degrees, tiui'i 
absorbing heat from the air in the room. The air thus becoming cooler, 
Ijccomes heavier and falls down through the coki air duct, to ihe room 
l)elow. The air heats a few degrees in passing through the room or 
cooler, and then passes up through the warm air duct to the warm air 
loft, to be recooled by again passing through the brine sprax's. The 
brine is cooled in a manner similar to the indirect brine system pre- 
viously described. The usual connections are as shown in Fig, 1 1 , that 
is, the brine is discharged in the brine spray loft, and led to a brine 
pump, which discharges the brine through the brine cooler, and then 
through the brine connections to the brine spray headers. In this sy,s- 
tem, the temperature of the evaporating refrigerant in the brine cooler 
must be maintained a few degrees below the average temperature of 
the brine, and the brine temperature must be maintained a few degrees 
below the average temperature of the air in the refrigerator. 

The brine cooler cools the brine the same number of degrees as it 
has been previously heated in passing through the air in the cooler. 
The pressure in the brine spray header must be maintained at 5 or 10 
lbs. per sq. in. gauge, to produce the proper spraying of the brine. 
This system is used principally in meat coolers in packing houses. 


Indirect Water Refrigerating System.--In many installations such 
as air cooling and conditioning, milk and cream cooling, and other 
similar applications of refrigeration of a fairly high temperature, use is 
made of the indirect water refrigerating system. This system operate.s 
iti the same manner as the indirect brine refrigerating system, the wa- 
ter being cooled and circulated in practically the same manner. 

In applications requiring temperatures above 32° F. the water may 
be sprayed directly into the air to produce the necessary cooling effect, 
just as brine is sprayed for lower temperature work. 

The water may be cooled by any of the conventional type of coolers 
such as shell-and-tube coolers, coils and tanks, or overflow Baudeloi 
type cods. In the case of the use of shell-and-tube water coolers nro- 
v.sion must be made for protecting the coolers against freezing by 

preventing the refrigerant temperature from becoming too low. ^ 

Compressed Air Machines.-In the compressed air machine air is 
compressed by a driving engine, it is then cool(jd. and then expanded 
m an expansion cylinder which does external work. This cauLs the 
air to leave the cylinder at low temperature. This cold air is then in- 
troduced into space to be cooled, and is heated to the room temperature 
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l)cfure lea\ ing same, thus perlorniing useful refrigerating work. This 
is the open cycle of operation. For example, if the air is taken into the 
compressor at 59° V. and compressed to 52.5 lbs. gauge and then is 
cooled to 64' F., and is then expanded back to atmospheric pressure. 



• its final temjjerature will be about —121° F. If the room is to be main- 
tained at 32° F., the air will be introduced into the room at a tempera- 
ture considerably below the temperature of 32° F. and will thus per- 
form refrigerating work by absorbing its sensible heat. 

In other arrangements of the system the air is used over and over 
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again. In this case, the cold air is circulated through pii)es located in 
the rooms to be refrigerated. Generally in the closed system the air 
is compressed to about 150 lbs. gauge pressure and is circulated through 
the room piping at about 50 lbs. gauge pressure. 

Due to the fact that only sensible heat is absorbed by the air, large 
volume must be circulated per unit of refrigeration, as compared to a 
machine using a liquefiable fluid. Due also to the size and friction of 
the machine, the horsepower per ton of useful refrigeration is larger 
than where a liquefiable fluid is used. 

Due to these and other factors, the use of compressed air machines 
is limited to more or less special installations. 


QUESTIONS ON CHAP.TER I. 

1. What are the principal methods of producing refrigeration? 

2. In a refrigerating system employing the evaporation of a liquid, 
explain how the desired refrigerating effect is obtained. 

3. An ice refrigerator al>sorbs 3,000 Btu. per day. What is the 
cost of ice for the refrigerator for 180 days, if the ice costs 60 cents per 
100 lbs.? 

4. Why is the temperature of the mixture lowered, when ice and 
salt are mixed together? 

5. Describe the action of the refrigerating fluid in a compression 
refrigerating system. 

6. In a compression refrigerating system, why is it necessary to 
maintain two different pressures on the refrigerant in the system? 

7. What arc the principal differences between the compression and 
absorption refrigerating systems? 

8. Describe the action of the indirect air refrigerating system. 

9. Describe the brine refrigerating system, giving its advantages 
and disadvantages. 

10. Explain the operation of the adsorption system. 



CHAPTER II. 


FUNDAMENTAL UNITS AND PHYSICAL LAWS. 

General Considerations. — Engineering may be defined as the sys- 
tematic application of science to the economic production of commodi- 
ties. It is the transformation and utilization of the great stores of 
energy in nature for the purpose which will serve mankind best. The 
form of energy that is most useful is that form of energy which is 
termed work or mechanical energy. The forms of energy as they occur 
in nature are seldom those which are immediately available for the use 
of mankind. The needs of modern organized society are such that 
mankind is obliged to avail himself of the chemical energy of com- 
bustible substances. In order to utilize the vast stores of energy in 
nature it is necessary to transform the combustible substances into 
heat. This heat, in turn, is transformed into a useful form of energy 
such as work, electricity or light. Then, by means of these useful forms 
of energy, various commodities, such as ice and refrigeration, are pro- 
duced for the service of mankind. 

Thus it is the province of the refrigeration engineer to apply in a 
successful manner the basic principles of physical sciences such as 
mechanics, thermodynamics, hydraulics, physics, chemistry and heat 
engineering to the economic production of refrigeration. 

As reference will be made from time to time to fundamental phys- 
ical laws, it is necessary to define the various units of measurement 
that are used to express the magnitude of the various quantities, giv- 
ing special attention to those units which are employed in refrigeration 
practice. 

Length. — The unit of length is the foot, and is defined as being 
0.30480 meter. The meter is the length of a certain bar of metal, which 
has been accepted as the standard unit of length by international 
agreement. In certain engineering work, of course, divisions and mul- 
tiples of the foot are used as units of measurement. 

Mass. — The unit of mass, or quantity of matter, is the pound, and 
is defined as being 0.45359 kilogram. The kilogram is the mass con- 
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uined in a certain bar of metal, which has been accepted as the stand- 
ard of mass by international agreement. 

Time. — The unit of time is the mean solar second, simply called 
the second. This second is defined as being the 1/86400 part of mean 
solar day. 

Force and Weight.— Weight is the attraction of the earth upon 
matter. The unit of force is weight of one pound of mass, at sea level. 
For convenience and for brevity the unit of force is known as a pound 
generally. 


Area, The unit of area is the square foot. However, in inaiu' 
practical engineering problems the square inch is used, which is the 
1/144 part of a square foot. 


Volume.— The unit of volume is the cubic foot. But in some cal- 
culations the cubic inch is used to an advantage. The cubic inch is 
the 1/1728 part of a cubic foot. 

Example J.— The displacement of the plunger of a brine pump hav- 
ing a 6-in. diameter and a 12-in. stroke is required. Since the area of 
a circle is equal to the diameter multiplied by the diameter and this 
product in turn multiplied by the constant 0,7854, the area of piston 
is 0.7854 X 6 X 6 28.27 sq. in. ; the volume of cylinder is 28.27 X 12 

= 339.24 cu. in., not considering the effect of the piston rod. Now, if 
the pump makes 60 working strokes per min., the piston displacement 
will be 339.24 X 60 = 20354 cu. in. One U. S. Gallon contains 231 cu. 
m., so that the theoretical displacement is 20354 231 = 88.1 g.p.nu 

The actual delivery of the pump will be somewhat less owing to the 
effect of the leakage past the piston and valves, and to imperfect filling 
of the pump cylinder during the suction stroke. 

Example 2.— The number of cubic inches of piston displacement of 
a 15-in. dia. X 30-in. stroke horizontal double-acting compressor cylin- 
der having a piston rod 3 in. in dia. and operated at 70 r.p.m is to be 
determined. The displacement may be calculated as follows: 


Area of piston, 0.78S4 X IS X 15 

Vi area of piston rod, X 0.7854 X 3 X 3 


176.715 sq. in. 
3.534 sq. in. 


Average area of piston 

Displacement per revolution 
Displacement per min 


173.181 X 30 X 2= 
10391 X 70= 


173.181 sq. in. 

10391 cu. in. 
727370 cu. in. 


^ per unit volume. It 

may be found by dividing the mass of a body by its volume. 

th. of a substance is defined as 

the volume of a unit mass of the substance. It may be found by divid- 
ing the volume of a quantity of substance by the mass. ^ 
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Velocity. — Velocity is the rate ut motion of a body and is measured 
by the distance passed over in a unit of time. Velocity is generally 
expressed in ft. per see. It may also be expressed in ft. per min. or 
miles per hour. Velocity is found by dividing the space by the time 
in seconds. 


Work and Mechanical Energy. — Energy may be defined as the 
capacity or ability to do work, while work may be said to consist of 
changing the state of motion or the state of stress of matter, in oppo- 
sition to forces which tend to resist such changes. The amount of work 
accomplished is determined by the magnitude of the force and the dis- 
tance through which the force acts. The work done is found by multi- 
plying the force by the distance. 

The unit of work is then the foot-pound, which is the quantity of 
work or energy expended when a force of one pound acts through a 
distance of one foot in the direction of the force. 

If, in Example 2, the compressor is assumed to operate under such 
conditions of high and low pressure that the average resistance is 72 
lbs. per sq. in. of piston area, the work performed in one stroke may 
be calculated as follows: 


Total force on piston 
Length of stroke. . . . 
Work 


173.18 X 72 = 12468.96 lbs. 
30 -r- 12 = 2.5 ft. 

12468.96 X 2.5 = 31172.4 ft.-lbs. 


Power.— The rate of performing work is called i)Ower. Thus power 
involves the idea of the time rate of iierforming work and may be 
found by dividing the work in foot pounds by the time in seconds. 

The unit of power is the horsepower which is the performance of 
work at the rate of 33,000 ft.-lbs. p.m. or 550 ft.-lbs. i).s. The horse- 
power may be found by dividing the product of the force and its travel 
in one minute by 33, OW. 

Thus the horsepower of the compressor in the ])rece(ling example 
may be calculated as follows : 


Force on piston = 12468.96 lbs. 

Piston travel per min —2 X 70 X 2.5 = 350 ft. 

Horsepower =12468.96 X 350 33000 = 132.2 


Pressure. — Intensity of pressure, which for brevity is called pres- 
sure, is the rale of application of a uniformly distributed force upon an 
area. It is found by dividing the total force by the total area. The unit 
of pressure is generally expressed as pounds per square inch. In ordi- 
nary engineering work it is customary to measure pressure by means 
of gauges which really indicate only the excess of pressure above that 
of the atmosphere. The pressure recorded by such an instrument is 
termed gauge pressure, and to find the absolute or true pressure, the 
l)re^ure of the atmosphere as determined by means of a barometer 
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must be added to the gauge pressure. Similarly gauges that indicate 
pressure below atmospheric pressure are known as vacuum or draft 
gauges. If these instruments indicate pressures below tliat of the 
atmosphere, then these pressures must be subtracted from that of the 
atmosphere in order to find the absolute or true pressures. 



Pressure Gauges.— The most common type of gauge is the round 
.ndicating type, as shown by Fig. 12. This type of gauge consists of a 

AAru cross-section, bent into an arc of a circle 

When the hollow oval tube is connected to a region of pressure higher 
than the atmosphere, the tube tends to straighten out. which move- 
ment IS transmitted to the indicating hand by means of links gears 
and pinions. A graduated dial, shown in Fig. 12, is placed just bfhind 
the pointer, so that the pressure may be read in suitable units. 

Barometers.-The pressure of the atmosphere is generally meas 
ured by a mercury barometer. This consists of a glass tube aboutThree 
feet long which is closed at the one end. After being filled with mer- 
cury. It IS inverted in a bath of mercury, as shown by pt 3 The 
pressure of the atmosphere on the surface of the mercury bafh sust^ns 



28 


PRINCIPLES OF REFRIGERATION 


a column of mercury alxmt in. in the tube at sea level. The 
hei^lit of tlie column of mercurv in inches niultiplieil liy 0.40] will give 
tile e<|ui\aleiU itre>Mire in per ><|. in. 



Fig. 13. — Simple Mercury Barometer. 


Effects of Heat. — Since refrigeration deal.s with the transference of 
heat, it is important that we understand the effects resulting from the 
addition or subtraction of heat upon the thermal properties of matter. 
All matter is assumed tt» be made up of infinitely small groups of par- 
ticles called molecules, which are further subdivided into atoms. These 
small particles are further assumed to be in constant motion, vibrating 
to and fro within very small orbits. The addition of heat to any sub- 
stance will cause an increase in the vibration of its molecules, result- 
ing in an increase in the total (energy) heat content. 

This increase in energ)’ of a substance while in its solid, liquid or 
gaseous state will cause an increase in temperature and volume at con- 
stant pressure ; or an increase in temperature and pressure at constant 
volume. During a change of state at constant pressure in any sub- 
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Stance from a solid to a liquid, or from a liquid to a -as. its lemperalure 
and volume will increase : or. if the volume is held constant, an increase 
m pressure and temperature will result. Duriu- the extraction .>f lieat 
in any of the above processes the elTecls ol)taine<l will be reversed 

If a sufficient quantity of heat is added to a substance it is ]>ossil)le 
to convert n from one stale to another as per example, from ice to 
water ; from water to wet steam : from wet steam to drv and saturated 
steam ; and from dry and saturated steam to superheated steam Known 
the state or condition of the substance at anv ])oint its total heat con- 
tent or heat energy may be determined fn.m or computed from the 
table of the properties of that substance, as found in C hapter HI. 

Temperature.— The temperature of a I.o<iv or substance denotes 
the degree or the intensity of heal. P.odies not asking through a 
change of state, Init having different rates of motion of molecules have 
different (temiieralures) intensities of heat. When there is lu. vibra- 
tion of the molecules, there is im heat in the substance, ami this point 
is known as the absolute zero of temperature. This point is 450 6-' 
below 0" on the l•ahrenheit scale and 27.^.1" on the Centigrade scale 
Temperature measures intensity of heal and not quantity of heat, 

Measurement of Temperature.-The intensitv of heat is measured 
l)y thermometers. In ordinary refrigeration work, mercuiv ihernnnn- 
eters are employed. These depend upon the expanxiou amfcontractioii 
of mercury to indicate the changes of temperature. The unit of tem- 
l.erature measurement is called the degree. Reference lIoim^ such as 
the freezing and boiling points of water have been taken as bases, and 
the expansion and contraction of the mercury is noted on a scale be- 
tween the base points. The space between the liase points is divided 
mu, equal divisioiis. or ilegrecs. In the I'ahreiiheit scale there are 180 
' egrees or divisions between the two reference p<iiiits and the freezing 
point IS p aced at 32 and the boiling point at 212. while on the Centi- 
grade scale there arc 100 degrees between reference points, and the 
freezing ponu is at 0 and the boiling point is at 100. The Fahrenheit 
scale was invented by (labricl Daniel Fahrenheit. ..f (iernianv. The 
Centigrade, or Celsius scale, was Invented bv Anders Celsius i Swe- 
dish astronomer. The word centigrade is .lerived fn.m the I.atin worris 
cnilum. meaning a lumdre.l. and ;,nuh,s meaning degree. The Fahren- 
hul therm., meter scale of temperature is used almost exclusively in 
he United States lu relrigerati..,, work. The relationship of the two 
hermometer scales ,s shown by Fig. 14. I, will he noted that the scales 
read the same at one point only, and that this is it —AO' 

WI.CI, it is desired re:,di„gs on the Centigrade scale may l,e trans- 
fejed to ^.ahrenhe,t degrees, since I" C. is e<|nivalent to I F The 
conversion is slmwii by the f-.llowing equatu.n : ' • i nt 
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PRINCIPLES OF REFRIGERATION 


TAni.F. 1— Tempf.raturk Conveksions. Fahkenheit 

AND CENTir.RAIlE. 


F. 

C. 

F. 

C. 

F. 

c. 

F. 

C. 

F. 

c. 

F. 

C. 

F. 

C. 

•..40 


26 

-3 3 

02 

33 3 

158 

70. 

224 

106 7 

290 

14).) 

360 

162 2 

— 39 

— 39 4 

27 

-28 

93 

33.9 

159 

706 

225 

107 2 

291 

14)9 

370 

1670 

— 3fi 

. 3A 0 

28 

-2 2 

94|34 4 

160 

71.1 

226 

1078 

292 

144.4 

380 

I93J 

— 37 

— 38 3 

29 

- 1.7 

95 35. 

161 

71 7 

227 

108 3 

293 

143 

390 

198.9 

— 36 

— 37 8 

30 

- 1.1 

96 35.6 

162 

72.2 

228 

1089 

294 

145 6 

400 

204 4 

-35 

— 37 2 

31 

-0.6 

97^36.1 

163 

72 8 

229 

109.4 

295 

146.1 

410 

210. 

— 34 

-36 7 

32 

0. 

98 36.7 

164 

73.3 

230 

no. 

296 

146.7 

420 

215 6 

-33 

— 36 1 

33 

+ 0.6 

99 37.2 

165 

73.9 

231 

MO 6 

297 

147.2 

430 

221.1 

— 32 

— 35 6 

34 

M 

IOOI 37.8 

166 

74.4 

232 

1 M.l 

298 

147.8 

440 

226.7 

— 31 

— ^ ^ ,w 

— 35 

35 

1.7 

10ll38 3 

167 

75. 

233 

111.7 

299 

148.3 

450 

232.2 

— 30 

— 34 4 

36 

2 2 

102' 38.9 

168 

756 

234 

112 2 

300 

148.9 

460 

237.8 

— 29 

— 33 9 

37 

2.8 

103 

39.4 

169 

76.1 

235 

1 12 8 

301 

149.4 

470 

243.3 

— 28 

— 33 3 

38 

3 3 

104 

40. 

170 

76 7 

236 

113 3 

302 

150. 

480 

248.9 

-27 

— 32 8 

39 

3.0 

105 

40.6 

171 

77.2 

23? 

113.9 

303 

150.6 

490 

254.4 

— 26 

— 32 2 

40 

4.4 

106 

41 1 

172 

77.8 

238 

114.4 

304 

151.1 

500 

260. 

— 25 

— 31 7 

41 

5. 

107 41.7 

173 

78 3 

239 

115. 

305 

151.7 

510 

265.6 

— 24 

— 3t 1 

42 

5.6 

108 42 2 

174 

78.9 

240 

115.6 

306 

152.2 

520 

271.1 

-23 

-30 6 

43 

6 1 

109 

42 8 

175 

79.4 

241 

1 16.1 

307 

152.8 

530 

276.7 

— 22 

— 30 

44 

67 

1 10 

43 3 

176 

80. 

242 

116.7 

308 

153 3 

540 

282.2 

-21 

— 29 4 

4S 

7 2 

Ml 

43.9 

177 

80.6 

243 

117.2 

309 

153.9 

$50 

287.8 

-20 

— 26 9 

46 

7.8 

M2 

444 

178 

61.1 

244 

117.8 

310 

154.4 

560 

293.3 

- 19 

-28 3 

47 

8 3 

M3 

45. 

179 

81.7 

245 

118 3 

311 

155. 

570 

298.9 

- 18 

-27 8 

48 

89 

114 

45.6 

180 

82 2 

246 

118 9 

312 

155.6 

580 

304.4 

— 17 

—27 2 

49 

94 

1 IS 

46.1 

181 

82 8 

247 

119.4 

313 

156.1 

590 

310. 

A A A A 

— 16 

-26 7 

50 

10. 

116 

46 7 

182 

83.3 

248 

120. 

314 

1567 

600 

3 1 5.6 

-IS 

— 26 1 

51 

106 

117 

47.2 

183 

83 9 

249 

120.6 

315 

157.2 

610 

321.1 

- 14 

-2S 6 

52 

1 l.l 

118 

47.6 

184 

84.4 

250 

121 1 

316 

157.8 

620 

326.7 

A A A 

— 13 

— 25 

53 

11.7 

119 

48 3 

165 

85. 

251 

121.7 

317 

158.3 

6)0 

332.2 

— 12 

— 24 4 

54 

12 2 

120 

489 

186 

85.6 

252 

122.2 

316 

1589 

640 

337.8 

- 1 1 

— 23 9 

55 

128 

121 

49.4 

187 

86.1 

25) 

122 8 

319 

159.4 

650 

343.3 

- 10 

-23 3 

56 

13.3 

122 

50. 

188 

86.7 

254 

123.3 

320 

160. 

660 

348.9 

M M M 

- 9 

-22 8 

57 

13.9 

123 

50.6 

189 

87.2 

25$ 

1239 

321 

160.6 

670 

1 354.4 

— 8 

— 22 2 

58 

14 4 

124 

51.1 

190 

878 

256 

1244 

322 

161.1 

1 680 

360. 

- 7 

-217 

50 

15. 

125 

51.7 

191 

88 3 

257 

125. 

323 

161.7 

690 

365.6 

A A 4 M 

— 6 

-21 1 

60 

15.6 

126 

52.2 

192 

88.9 

256 

125.6 

324 

162 2 

700 

371.1 

mA A 

— 5 

— 20 6 

61 

16.1 

127 

52,8 

19) 

89.4 

259 

126.1 

325 

162 8 

710 

376.7 

— 4 

— 20 

62 

16.7 

126 

53.3 

194 

90. 

260 

126.7 

326 

163.3 

720 

382.2 

- 3 

- 19 4 

63 

17.2 

129 

53.9 

195 

90.6 

261 

127.2 

327 

163.9 

730 

387.8 

— 2 

- 18 9 

64 

17.8 

130 

54.4 

196 

91.1 

262 

127.8 

328 

164.4 

740, 

393.3 

1 

-18 3 

65 

18.3 

131 

55. 

197 

91.7 

263 

128.31 

329 

165. 

750 

39w.»' 

A A M 

0 

- 17 6 

66 

18.9 

132 

55.6 

198 

92.2 

264 

128.9; 

330 

165.6 

760 

404.4 

•4- 1 

- 17 2 

67 

19.4 

133 

56.1 

199 

92.8 

265 

129.4 

331 

166.1 

770 

410 

2 

- 16 7 

66 

20. 

134 

56,7 

200 

93.3 

266 

130. 

332 

166.7 

780 

419-6 

3 

-16.1 

69 

20.6 

135 

57.2 

201 

93.9 

267 

130.6 

333 

167.2 

790 

421 . 1 

. 4 

-15 6 

70 

21.1 

136 

57 6 

202 

94.4 

268 

131.1 

334 

167.8 

800 

426.7 

3 

- IS 

71 

21.7 

137 

58.3 

203 

95. 

269 

1317 

335 

168.3 

810 

432.2 

t 

- 14 4 

72 

22.2 

138 

58.9 

204 

95.6 

27C 

1)2.2 

3)6 

168.9 

820 

437,8 

7 

-13.5 

73 

22.6 

139 

59.4 

205 

96 1 

271 

132.8 

337 

169.4 

830 

443.3 

1 

1 -13 3 

74 

23.3 

140 

60. 

20e 

967 

272 

133.3 

336 

170. 

840 

448.9 


» -12.6 

75 

23.9 

141 

60.6 

203 

97.2 

273 

1)3.9 

339 

170.6 

650 

454.4 

1( 

1 - 12.2 

7^ 

> 24.4 

142 

61.1 

206 

97.8 

27^ 

134.4 

340 

171.1 

86C 

460. 

11 

1 -IIJ 

73 

' 25. 

143 

61.7 

‘>05 

98 3 

275 

135. 

341 

171.7 

87C 

465.6 

K 

t -n.i 

7e 

i 25 6 

144 

62.2 

2IC 

989 

27< 

135.< 

342 

172.2 

88C 

471.1 

13 

1 -10.< 

7? 

1 26.1 

145 

626 

211 

99.4 

27 ; 

136.1 

343 

172 6 

89C 

1 476.7 


1 -10. 

8( 

) 26.: 

\Ai 

>63.3 

1 212(100. 

27^ 

136.; 

344 

173.3 

90C 

1 462.2 

t! 

> - 

61 

1 27.2 

\a: 

^63.5 

1 213 100 6 

27^ 

137.: 

345 

> 173.^ 

9IC 

) 497.9 

I( 

s - s^ 

a; 

1 27.6 

14( 

164 < 

21^ 

1 101.1 

28( 

137.< 

34< 

) 174> 

92( 

) 493.» 

i: 

- 8.: 

8: 

1 28.3 

14< 

> 65. 

21! 

> 101.7 

28' 

138.: 

34 : 

^ 175. 

93( 

) 498,9 

11 

- 7.1 

8< 

t 28.5 

15( 

)65.< 

2\i 

S 102.2 

2$; 

138.< 

34( 

1 175.4 

) 94( 

) 504.4 

V 

- 7.: 

8^ 

) 29.^ 

151 

1 66.1 

21 : 

7 102.8 

2s: 

139.- 

34< 

) 176.1 

95< 

) 510. 

2i 

- 6.: 

8< 

5 30. 

15; 

U6.: 

211 

3 103.3 

28^ 

140. 

35< 

) 176.: 

961 

> 515,6 

2 

- 6. 

8: 

7 30.< 

) is: 

1 67.; 

ZV 

) 103.9 

28 

140.< 

35 

177.: 

971 

3 521.1 

2 

- 5.( 

81 

5 31.1 

\y 

4 67.( 

221 

3 104.4 

28' 

6 141. 

35 : 

2 177.1 

981 

3 526.7 

2 

- 5. 

8^ 

d 31.: 

15! 

3 68.: 

22 

1 105. 

28 

7 141. 

35: 

) 178.: 

99< 

0 532.2 

2 

— 4. 

91 

0 32 : 

154 

5 68.< 

7 22 

2 S05.6 

28 

8 U2 

35 

4 178.^ 

100 

0 S37.8 

2 

- 3/ 

9 

32.( 

)| 157 69.. 

4 22 

3 106.1 

26 

9 142.^ 

35 

5 179, 

101' 

0 543.3 
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Table 2. — Temperature Conversions, Centigrade 

AND Fahrenheit. 


c. 

V. 

C. 

1 

F. 

C. 

1 

p. 

C. 

p. 

c. 

P. 

c. 

F. 

c. 

F. 

1742 

1760 

1778 

1796 

1814 

18)2 

1850 

1866 

1666 

1904 

1922 

1940 

1956 

1976 

1994 

2012 

20)0 

2046 

2066 

2064 

2102 

2120 

2136 

2156 

2174 

2)92 

2210 

2226 

2246 

2264 

2262 

2300 

2)16 

2)36 

2)54 

2372 

2390 

2406 

2426 

2444 

2462 

2460 

2496 

2516 

25)4 

2352 

2570 

2566 

2606 

2624 

2642 

2660 

2676 

2696 

2714 

7732 

2730 

2766 

2766 

2804 

2822 

2912 

1002 

1092 

1182 

>272 

-40 

-39 

-37 

-36 

-33 

-34 

-33 

-32 

-31 

-30 

-29 

-2ft 

-27 

-26 

-23' 

-24 

-23 

-22 

-2) 

-20 

-19 

-16 

-17 

-16 

-15 

-14 

-13 

-12 

-11 

.-10 

- 9 

- a 

- 7 

- 6 

- 5 

- 4 

- 3 

- 2 
- 1 

0 

4 \ 
2 

3 

4 

5 
t 
7 

a 

9 

10 
U 
12 

13 

14 

15 

16 
17 
16 

19 

20 
21 
22 

23 

24 

25 

-40. 
-36.2 
-36.4 
-34.6 
-32.6 
-31. 
-29.2 
-27.4 
-25.6 
-23.0 
-22. 
-20.2 
-18 4 
-16.6 
-14.6 
-13. 
-11.2 

- 9.4 

- 7.6 

- 56 

- 4. 

- 2.2 
- 0.4 
+ 1.4 

3.2 
5. 
6.6 
8.6 

10.4 

12.2 
U. 

15.6 

17.6 

19.4 
21.2 
23. 

24.6 
266 

26.4 
302 
32. 

33.6 
356 

37.4 

39.2 
41. 

42.6 

44.6 

46.4 

46.2 
50. 

51.6 

53.6 

55.4 

57.2 
59. 

60.6 
626 

64.4 

66.2 
66. 

69.6 

71.6 

73.4 
75 2 
77. 

26 

27 

26 

29 

30 

31 

32 

33 

34 

35 

36 
37, 
36 

39 

40 

41 

42 

43 

44 

45 

46 

47 
46 

49 

50 

51 

52 

53 

54 

55 

56 

57 
56 

59 

60 
61 
62 

63 

64 

65 

66 
67 
66 

69 

70 

71 

72 

75 

76 
79 
60 
61 
62 

63 

64 

65 

66 
67 
66 
69 

90 

91 

78.6 

60.6 

62.4 

64.2 
, 06. 

67.8 

69.6 

91.4 

93.2 
95. 

96.8 

98.6 

100.4 
102 2 
104. 

105.6 

107.6 

109.4 
1U.2 
113. 

114.6 

116.6 

116.4 

120.2 
122. 

123.8 

125.6 

127.4 

129.2 
131. 

132.6 

134.6 
1364 

136.2 
UO. 

141.6 
1436 

145.4 

147.2 
(49. 
150 6 

152.6 

154.4 

156.2 
158. 

159.6 

161.6 

163.4 

165.2 
167. 
166.6 

170.6 

172.4 

174.2 
176. 

177.6 

179.6 

161.4 
1632 
165. 

166.6 
1666 

190.4 

192.2 
194 
195.6 

92 

93 

94 

95 

96 

97 

98 

99 

100 
101 
102 
103| 

104 

105 

106 
107 
106 

109 

110 
in 
112 
113 
1(4 

115 

116 
117 
116 

119 

120 
121 
122 

123 

124 

125 

126 
127 
126 

129 

130 
131, 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 
146 

149 

150 

151 

152 

153 

154 

155 

156 
15; 

197.6 

199.4 
201.2 
203. 

204.8 

206.6 

208.4 
210.2 
212. 
2138 

215.6 

217.4 

219.2 
221. 

222.6 

224.6 

226.4 

226.2 
230. 

231.8 

233.6 

235.4 

237.2 
239. 
240 6 

242.6 
244 4 

246.2 
246. 
2496 

251.6 

253.4 

255.2 
257. 
2566 

260.6 

262.4 

264.2 
266. 
267/ 

269.6 

271.4 

273.2 
275, 
2766 

278.6 

260.4 

282.2 
264. 

265.6 

267.6 

269.4 
29U 
293. 
294 6 

296.6 
2964 
300J 
302. 

303.6 

305.6 

307.4 
3092 
311. 
3126 
3146 

156 

159 

160 
161 
162 
16) 

164 

165 

166 
167 
169 

169 

170 

171 

172 

173 

174 

175 

176 

177 
176 
179 
160 
161 
182 
Id) 
164 

185 

186 

187 

188 
169 

190 

191 

192 

193 

194 

195 

196 

197 
196 

199 

200 
201 
202 

203 

204 

205 

206 
207 
206 

209 

210 
211 
212 

213 

214 

215 

216 
217 
216 

219 

220 
221 
222 
223 

316.4 

316.2 
320. 

321.6 

323.6 

325.4 

327.2 
329. 
3306 
3326 
334 4 

336.2 
356. 

339.6 

341.6 

343.4 

345.2 
347. 
3466 
350 6 
352 4 

354.2 
356. 
357.8 

359.6 

361.4 

363.2 
365. 
366 6 

368.6 

370.4 
372 2 

374 

375 8 

377.6 
379 4 
361 2 
363. 

364.6 

386.6 
388 4 

390.2 
392. 

393.6 

395.6 

397.4 

399.2 
401. 

402.6 

404.6 

406.4 

406.2 
410. 

411.6 

413.6 

415.4 
4)7.2 
419. 
4208 
422 6 

424.4 

426.2 
426. 
4298 
4)1 6 
4)3.4 

224 

225 

226 

227 

228 
229 
2)0 
2)1 
232 
2)3 

234 

235 

236 

237 
2)6 
2)9 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 
253 

259 

260 
26) 
262 
26) 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 
260 
281 
262 
26) 

284 

285 
266 
287 

286 
289 

435 2 
437. 

438.8 

440.6 
442 4 

444.2 
446, 

447.8 

449.6 

451.4 

453.2 
455. 

456.8 

458.6 

460.4 

462.2 
464. 

465.6 

467.6 

469.4 

471.2 
473. 
474 8 
4766 

478.4 

480.2 
402. 
48). 8 

485.6 

487.4 

489.2 
491. 

492.8 

494.6 
4964 

498.2 
500. 
501 6 
50)6 

505.4 

507.2 
509. 

510.6 
5126 

514.4 

516.2 
516. 

519.6 
521^ 
523 4 

525.2 
527. 
526 6 

530.6 
5)24 
5342 
5)6. 

537.8 

539.6 

541.4 

543.2 
545. 
5468 
548 6 
550 4[ 
552 z\* 

290 
300 
)I0 
)2C 
330 
)4Q 
350 
)60 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
460 
490 
500 
510 
520 
530 
540 
550 
560 
570 
560 
590 
600 
610 
620 
630 
640; 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
760 
790 
800 
aio 
320 
3)0 
840 
850 
S60 
670 
860 
390 
900 
9f0 
720 
7)0 
740 1 

55^ 

57; 

59C 

605 

625 

64^ 

66; 

66C 

695 

7ie 

7)4 

752 

77C 

788 

806 

624 

642 

660 

678 

896 

914 

9)2 

950 

968 

966 

1004 

1022 

1040 

1056 

>076 

1094 

1112 

1130 

1146 

1166 

1164 

1202 

1220 

12)6 

1256 

1274 

1292 

1)10 

1328 

1346 

1364 

1382 

1400 

1416 

1436 

1454 

1472 

1490 

1506 

1526 

1544 

1562 

1580 

1598 

1616 

1634 

1652 

1670 

1686 

1706 

1724 

95C 

96C 

97C 

98C 

99C 

loa 

10IC 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
HOO 
MIC 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
I3I0| 
1320 
1330 
1340 
1350 
1360 
1370 
1360 
1390 
1400 
1410 
U20 
14)0 
1440 
1430 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
I540: 
155oL 
i6oo: 
1650! 
1700 i 
1750! 

laoo!) 
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PRINCIPLES OF REFRIGERATION 


Fahrcnlieit degrees = 1.8 X Centigrade degrees + 32°. . 

Thus if the temperature of a cold stnrag:c room is 1 L., the equivalent 

Fahrenheit tcnii»eraturc is found as follows ; 

Falireiilieit temperature = 1.8 X 2 + 32 =35.6 F. ^ 

These temiicrature conversions may also be read direcll) trom 

Tables 1 and 2. 


2)2 


BoiL.lK«3TE-f^F>t-RATORfc-- W atsr 1)00 


iFg&eXlMGTeMPE-gATURfe--W ATfeR 


-40 


; » 
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-460 I I ABSOLUTE. ZERO T£M 


TT 


Fig. 14.— Comparison of Thermometer Scales, 


The readings on the Fahrenheit and Centigrade scales may be re- 
duced readily to the absolute scale. It is only necessary to add 459.0 
to the scale readings of the Fahrenheit thermometer to convert it into 
its equivalent on the absolute scale, and likewise, 273.1® may be added 
to the Centigrade reading to secure the absolute Centigrade tempera- 
ture, thus : 

Abs. F. Temp. = Degrees, F. + 459.6® and 
Abs. C. Temp. = Degrees, C. -F 273.1 

Heat Quantity and British Thermal Unit.— It is necessary in en- 
gineering computations involving the addition or extraction of heat to 
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have a measure of heat quantity. The British thermal unit ( Blu.) has 
been adopted by English speaking countries as the standard unit of 
measurement. It is the amount of heat re<|uircd to increase or lower 
the temperature of one pound of water one degree Fahrenheit, at its 
maximum density, at which point its si)eciric heal is unitv. For all 
practical i)urposcs the specific heat of water between 32^ I', and 212^ F. 
may be taken as unity. 






1 POUfID WMGHT 


W0«.KO76»l 
*776 rrL05 


Fig. 15.— Apparatus to Determine Relation of Heat and Work. 


Ihc quantity of heat added to <ir subtracted from a substance may 
be computed by multiplying its weight in pounds bv its specific heat 
and Its temperature change in degrees h'ahrenhcit. 'The above holds 
true only when there is no change in state of the substance. 


Mechanical Equivalent of Heat. — One of the fundamental laws of 
l)hysical science states that the total energy of the universe remains 
constant and that the energy can not he increased, diminished, created 
or destroyed. From this law it is alst> known that the different forms 
of energy are mutually interconvertible. Thus mechanical energy for 
work) and heat arc interconvertible. From many experiments by many 
men at different times and places, it has been shown that 778 ft-lbs 
of work may be transformed into one Btu. The number 778 ft-lbs is 
termed the meehanical equivalent „f heat. Fig. LS shows a means’ of 
determmmg the relation of heat and work. The pound weight in being 
lowered 778 feet produces 778-ft-ll.s. of work, which are transferred 
Without friction to the water by means of the rope and pulleys This 
work heats the pound of water 1® F. 
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PRINCIPLES OF REFRIGERATION 


Specific Heat.— If a small quantity of heat is added to or extracted 
from a substance, without changing its physical or chemical state, a 

small change of temperature is produced. 

If the weight of the substance was 1 lb. and the temperature change 
1° F. then the quantity of heat necessary to make the change in tem- 
perature is known as the specific heat. The specific heat of a substance 
may be defined as the quantity of heat in Btu. required to raise or 
lower 1 lb. of the substance 1® F. Thus it will be seen that the specific 
heat of a substance represents its capacity for absorbing heat when 
compared with water. Specific heats of some common substances are 
shown in Table 3. 

Sensible and Latent Heat.— When heat is added to or extracted 
from a substance without a change of state, the temperature is in- 
creased or decreased. The heat thus added or extracted is known as 
sensible heat, since the lieat transfer is perceived by a change of tem- 
lieraturc. Similarly, when heat is added to or extracted from a sub- 
stance without a change of temperature, a change of state is produced, 
and the heat so added or extracted is known as the latent heat. 

Heat Content or Total Heat. — The heat content of a body or sub- 
stance is the total quantity of heat in the substance above a given re 
ercnce temperature such as 32° F. or —40° F. Thus the heat coment 
of liquid carbon dioxide at 70° F. is 24.78 Btu. per lb. above 32° F. as 
a reference plane, while the total heat of saturated ammonia vapor at 
80° F. is 630.7 Btu. above —40° F. 

Entropy. — It is convenient in solving certain problems to make use 
of a ratio or abstract quantity which is called entropy. For all prac- 
tical purposes the entropy of a substance at a given state is the mathe- 
matical ratio obtained by dividing the amount of heat necessary to 
bring the substance to the given state by the average absolute tem- 
perature during the heat transfer. It must be noted that entropy is a 
mere ratio and has no physical existence. Thus, ammonia changing 
from liquid to vapor state at 70° F. may be considered. The absolute 
temperature is equal to 459.6 -J- 70 = 529.6°. The latent heat of evap- 
oration is 508.6 Btu. Therefore the entropy of evaporation is equal to 
508.6^ 529.6 = 0.960. , 

Fusion. — When a substance changes from the solid to the liquid 
state or from the liquid to the solid state, the heat added or extracted 
is known as the latent heat of fusion. Thus when ice melts in a re- 
frigerator the addition of 144 Btu. per lb. is required to produce the 
melting, or when ice freezes in an ice tank 144 Btu. per lb. must be 
extracted. 
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Table 3.— Properties of Various Substances. 


Name of 
substance. 

Specific gravity 
Water- 1.000 

Temperature or 
Temp, range 
for Sp. Ht. in 
degrees F. 

Aceik Acid 

1.052 

78.S-204.8 

Acetone 

0-797 


Air 

0 08073* 
0.785 


Alcohol (ethyl). . . 

-4 

Alcohol (metliyl) . . 

0.790 

53.6 

Alumina 


32 -212 

Aluminum (cast). . 

2.56 

68 -212 

Amyl Alcohol ... 

0 817 


Ammonia Nitrate.. 



Aniline... 

1 028 

46.4-179.6 

Anthracinc 

1.147 


Anthraquinonc. 

1.438 


Antimony.. 

6.71 

32 -212 

Arsenic Trioxidc.. 


55 4-206.6 

Asbestos 

. 

68 -212 

Barium Nitrate.. - . 


55. 4-208. 4 
50 -104 

Benzene 

0 879 

Benzoic Acid 

1.266 


Benzol 

42.8-140 

BenzoU M>lid 


-22 

32 -212 

71 6-212 

Bcrylium 


Bismuth 

9.75 

Bismuth, fluid.. . . « 


536 -716 

Brass 



Brick work 



Bromine 

3.15 


Bronze 


59 -208 

Cadmium 

8.66 

32 -212 

Caesium. 

1.88 


Calcium 

1.58 

< * ♦ « « . « 

32 -212 

Calcium Carbonate 


32 -572 

Calcium Chloride.. 


Calcium Fluoride. . 


59 -212.2 
32 -572 

Calcium Sulphate.. 


Camphor. 

9.992 

Carbon Disulphide. 
Carbon 




Tetrachloride. . . 

1.608 

32 

Carbonic Oxide... . 


Cellulose 

1.36 


Charcoal .. . 


Chlorine, vapor. , . 

0.21 



Chlorine, liquid . . . 

1.44 


Chloroform 

1.48 

59 -95 

Chromium. . . . 

6.50 

Citric Acid 

1.542 


Clay 


68 -208.4 



Coal 


Cobalt 

8.65 

59 -212 

Coke. 





(OCO 


0 5220 
0 SISO 
0 2400 
0 5053 
0.600 
0.1827 
0.2145 


0 512 


0.495 
0.1276 
0.20 
0.1523 
0 3402 

0.4194 
0.3UO 
0.4246 
0 3035 
0.363 
0.090 
0.20 

0 0858 
0 0548 

0 1804 
0 2204 

0.2154 

0.1908 

0.1569 

0.1980 

0.245 

0.37 

0.2415 

0.1210 

0.2337 

0.1039 


0.2243 

0.2411 

0.1030 

0.2008 






d 

e 

4 


u 

.2 . 
cn .O 




3 — 
u 


c£ 

.E& 


w 

C V 

^ W 

c S d 

T*© 

S.E 

a 

Z 

Sa 

J1 

st= 

xisi 

* 


246.2 

152.3 

. 


132.8 

225.7 

4 


-314 

79.5 

-202 


172.4 


• - 


152.6 

470 

1217 

432 

* * * • 

♦ 



278.6 

216 

142-154 

113 

♦ ♦ • • « . 


17.6 

* . • 

359. 6 

187 7 

415.4 

* , 

680 


524 4 

• 

4 

716 

« 

. 

* 

loss 

« 

4 

R 

Decom 

4 

« 

• . . 

4 

176 


249.8 


480.2 

...... 

.... 



167.1 


22.7 

4 


• 

4 

4 . 


4 . 

29.1 


, . 

4 

1690 

24 6 

• • * 1 

1 


• 

4 

• 

« 

« 1 

R 

64.3 


4 

2372 




2480 




247 


40i 



1 

' 

+ 115 

156 

-11.2 

R 

170.6 

83.3 

1 

1 ' • 

« 

■ 

-310 

* « * » 

4 ♦ * 1 « 


. . . 

-28 


• • 


-28.5 

121 



141.8 

105.2 

309.2 

R 

. • . 

»» 4 4 , 

• • 



•4*4, , 


1 

• 

♦ • ♦ 


* ¥ . 

* * ^ « 
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Tablk 3.— Pbopertiks of Various Substances.— C ontinued. 


Name 

^ub^lancC. 


c c 

. 

es & 

'T t: 


9 a 


H 'A 

i/ 

u 

e u 


•m, p O 

o S a 

SgS 
X ta 


1.111 
0 142 *^ 0 * 


0 7lS 


0 794 


1.260 

19.26 


<‘opi>cr. ca^il.. * 60 

Coppor Oxiflr . 

Copper Pyrites 66, 

Creos<^le. ... 1.111 

Cr<itony!cnc , - 0 14290* 

Dccane 57. 

Ebonite.. 6R 

Ether 0 7lS R6 

Ether, ethyl ... 

Ethyl Alcoht'l ... 0 . 794 *52 

Elliyl Bcn^ol 

(liquid)... 52 

Ferric Oxide . 75 

Flint Ola85. 50 

Fluorspar. ®6 

Formaldehyde.. 0 815 

Formic Acid 1.245 32 

(iallium 5.95 

(ins Report Carbon 

Gasoline. . 50 

German Silver. 52 

Glass ... 

Glass Crown., 50 

Glycerine 1.260 59 

Gold» cast 19.26 32 

Granite 68 

Graphite.. 

Gypsum 60 

Heptane. . 64 

Hexane... 6C 

Hydrochloric Acid . , 

Hydrogen. . . . 0.00559* 

Hydrogen Sulphide 0.09012* 

Ice 0 914 

India Rubber. . . 8< 

Iridium 22.42 3. 

Iront pure 7.86 3 

Wrouglil 7.86 

Gray cast iron.. . 7.10 

SUel 7.70 

White 7.65 

Isoamylene 

Kerosene 5 

Kryolite 6 

Uad 11.37 5 

Lead Sulphate ^ 

Lead Sulphide .... 

Leather, dry 

Lime M 

Limestone . 1 i 

•Weight per cu. ft. at 32 degrees F. 


.12 -212 
53 6-208 4 
66.2-118 4 


57.2- 64.4 
68 >212 
86 

32 -208 4 
32 

75 2-210 2 


50 -122 
59 -122 
32 -212 
68 -212 

60.8- 114 
64.4-123 

60.8- 98 


0 

0 1420 
0 131 


0 5058 
0 40 
0 547 
0 5267 
0 680 

0 3929 
0.1678 


2822 



50 

-122 

0 117 


86 


0 21 

0 815 


. 


1.245 

32 


0 4966 

5.95 







0.2038 


SO 

- 68 

0 5350 


32 

-212 

0.095 


0.00559* 
0.09012* 
0 914 

22.42 

7.86 

7.86 

7.10 

7.70 

7.65 


86 -212 
32 -212 
32 


0.16-0 18 

0.16 

0-576 

0.0316 

0.19 

0.2018 

0.2S9 

0.4869 

0 5042 

0.6000 

3.41 

0.2423 

0.502 

0.481 

0 0323 

0.1050 

0 1138 


11.37 


-5-8- 57.2 

0 4970 

50-68 

0 4755 

60.8-131 

0.253 

59 

0.0299 

32 -572 

0.0478 


0.36 


0.2169 

59 -212 

0.2166 

66.2-122 

0.S53 


426.2' 

64 


109.5 


159 

169 

172.4 374 


137.3 


34.4 


+ 156 

-412 

82 


617 

2012 

1850 
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Taui.k 3.— Proi*krtik$ ok Varioi's Si'BSTANc Ks.— Coiitinucd. 


Wcighl per cu. fi 


Name uf 
substance. 

11 

o 1 

u 

••• 

M 

Temperature or 
Temp, range 
for Sp. Ht. in 
degrees F. 

Litharge. . 


64.4 

Lithium. 

0 59 

80.6-210 2 

Magnesium. 

1.74 

32 

Malic Acid 

1 601 


Manganese... 

7.42 

57 2-206.6 

Marble. . . 


68 -208,4 

Mercury.. 

13 55 

'108 to -40 

Mesitylcnc 

0.317SS* 


Mica 


50 - 68 

Milk Sugar. . 

1.525 


Molybdenum . . . 

8 56 

59 -824 

Naphthalene. . 

1 152 


Naphihol... . 

1.224 


Nickel ..... 

8 70 

64 4-212 

Nitric Acid . . 

0 12303* 


Nitric Oxide . . 

0.08383* 


Niirobentene. . . 

1.187 


Nitrogen (gas) . . 

0 07845* 


Nitrogen, liquid . 

0 80 


Oak wood ..... 


44 6 

Octane 


53.6 -66.2 

Oils, Castor 



Citron 

0.818 

40 

Cottonseed . . . 



Turpentine. . . 


32 

Olive Oil 

0.911 

32 - 68 

Oxygen . 

0.08926* 


Paraffin. 


64 4-210 2 

Paraffin . , , . . 


32 - 68 

Petroleum 


70 -136 

Phenol. , . . , 

1 060 

Platinum, cast. . 

21.50 

64.4-212 

Portland Cement. , 


Clinker 


73.4-210.2 

Potassium 

0.87 


Potauium 



Carbonate. . . . 


60.8-208.4 

Chlorate 


57.6-210.2 

Chloride. 


55.4-208.4 

Nitrate 


59 -208 4 

Sulphate. ... 

... 

59 -208.4 

Propyl Bcnrol.. . . 


32 

Pyrites (iron), . . . 


32 

QuarU 


212 

Quaru 


32 

Rubber (para).,.. 


68 -208.4 

Sand 


Sand (quarts) 


68 -986 

Sea Water 

1.0235 

64 

Sea Water 

1.0463 

64 


0 21 
0 

0 2456 

0 1217 
0 2100 
0 0534 

0 314 

0 0740 
0 445 

0 . lOV 
0 $700 
0 2317 

0 244 

0 47 
0 Sin 
0 434 
0.436 
0 4702 
0.4106 
0 60 
0 217 
0.498 
0 6369 
0 $11 

0 0324 
0 246 
0 2163 
0 1662 

0 . 20<>6 

0.1730 

0.2368 

0.1601 

0 1357 

0 4000 

0 174 

0.4S1 

0.1735 

0.1910 

0.195 

0 316 

0.938 

0.903 



fu: 

H / 

V 

S 1 

■u ' 

3 — 

- u 

k 






^ 15 

** 

C V 

<•» "j 



c3 

-•o 


S.5 

XX 



212 


-39 


176 
201 2 


37 


14 


107 


64 


63 


44 


28 


85 


+ 326 


424 4 
S36 

186 8 
254 
401 
318 
318 


-297 


357.8 


at 32*^ F. 




1 ’5 

3- 22 


122 


207 


86 4 


128 


106.1 


129 


2 
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Table 3.— Properties of Various Substances. — Continued. 


Name of 
substance. 


ScaWalcr. 

Silica . . . • 

Silver, cast .... 

Sodium 

Sodium Carbonate. I 
Sodium Chloride,. 
Sodium Nitrate. . 
Sodium Sulphate. 

Spermaceti 

Steel 

Stone 

Sugar (cane). . 

Sulphur 

Sulphur- 
Amorphous. . 
Sulphuric Acid . . 
Sulpiiurous Acid. 

Tallow 

Tetradccane . . 

Tin, cast ... 

Toluol 

Tungsten 

Turpentine. . . 
Turpentine, vapor 

Uranium 

Vanadium 

Vegetable Oil . . . 

Vinegar 

Vulcanite 

Water. 

Wax 

Wood 

Wood Charcoal. . . 

Xylol 

Zinc 

Zinc Oxide 

Zinc Sulphide. . . 


>8 

U I 

i/i> 


1 0043 

10 53 
0 Q8 


H M J 

2 2*^ 
^ ^ . «r> 

41 V t: 0^ 
HH.S'd 


a 


64 

60.8-208.4 
32 -212 

56 -208.4 
57.2-208.4 
62.6-208.4 


41 

^ 6 

(/)» 


1.588 


2 00 
1-84 

0.17870* 


7.26 

18.77 

0.859 


18.70 

5.50 


71-6-123.8 
50 -206.6 
41 - 71.6 

63 -U3 
53.6-210.2 


0-98 

0.2728 

0.0559 

0.2830 

0.2140 

0.2782 

0.2312 

0.200 


57.2- 69.8 
32 -212 
64.4 
32 -212 
68 -212 
3S4.2-480.2 
32 -208.4 
32 -212 
32 - SO 


0.1170 

0.3005 

0.1764 

0.332 

0.163 

0.4400 

0.154 


62.6-208.4 


7.14 


0.4995 

0.054$ 

0.42 

0.0336 

0.33 

0.506 

0.0280 

0.1153 

0.40 

0.920 

0.2415 

1.00 


Ck 

“ 41 

£ & 

<j 

•5-0 


120 


e 

o , 

A 

u 
o 
o a 


A ^ 

Xco 


HS 

;es? 

a. 5 


66.6 


239 


92 


451 


16.9 


17.0 


A Cl 

853 

SSfiO 


+15 


652 


220 


32 

32 

32 


-212 

-212 


68 - 210.2 


0.1248 
0.45-0.65 
0.3834 
0.093S 
0.1146 
0.872 


32 
142-154 


144 

76.1 


787 


212 


150.2 


133.2 


970 


149.0 


^Weight per cu. ft« at 32^ F. 
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Evaporation and Condensation. — When a substance changes froni 
liquid to vapor state, the heat required to produce llic change is known 
as the latent heat of evaporation, and while in changing from vapor to 
liquid it is known as the latent heat of condensation. Thus the latent 
heat of condensation or evaporation of ammonia at 50° F. and a pres- 
sure of 89.19 lbs. absolute is 527.3 Btu. per lb. 

Fig. 16 shows the absorption of the latent heat of evaporation of 
ammonia from the air in a cold storage room, 569.3 But. being required 
per pound of ammonia evaporated at 30 lbs. absolute pressure. The 
ammonia enters the container as a liquid and leaves in the form of a 
saturated vapor. 

Table 3 gives some properties of various substances. 

Absorption and Dissociation.— When certain substances are dis- 
solved or absorbed by other substances, energy is required to change 
the conditions of the molecules, to suit the new state of the substance. 
The heat so added or extracted to produce the change is known as the 
latent heat of absorption or dissociation, as the case may be. 


ArViWfii* biQgiD AT ftO* 



Fig. 16. — Evaporation of Ammonia. 


Vapors and Gases. — A vapor is the elastic fluid that forms over the 
surface of a boiling fluid. Fig. 16 shows the formation of ammonia 
vapor from the boiling liquid ammonia in the refrigerator coil. 

A vapor is saturated when it is still in contact with its liquid or is 
at the temperature corresponding to that at the surface of the boiling 
hqutd. Vapors which are several degrees above the temperature of 
the saturation point are termed superheated, while vapors which are 

many degrees above the temperature of saturation (due to the exist- 
ing pressure) are called gases. 


Refnpration.— The general conception of the term refrigeration 
implies the cooling of a body below the temperatures of the surround- 
ing substances by the extraction of heat from the body in question. 

When It IS produced by mechanical means it is termed mechanical 
refrigeration. 
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Units of Refrigeration— The quantity of heat absorbed in a re- 
frigerating process is generally measured in Btu. The commercial unit 
of refrigeration is the (juantitv of heat required to melt a ton of pure 
solid icc into water at 32" F. and is termed the standard contnt^c.al 
ton of refrigeration. One iiound of ice will absorb 144 Btu. at r. 
in melting, which is its latent heat of fusion. T'h^efore one stand^ 
commercial tt.n refrigeration is the removal of 2000 X 144 — 2»»,uuo 
Btu. The rate of performing refrigeration may be termed refngeration- 
power, and is the production of refrigeration at the rate of one stand- 
ard commercial ton of 288.000 Btu. per day of 24 hours. The refngera- 
tinn-power mav be found by dividing the total heat transferred in one 
day by 288,000. Hence, if the apparatus removes 1,000.000 Btu. in 24 
hours the refrigeration-power may be found as follows: 

Refrigeration-power = 1,000,000 288,000 = 3.47 tons. 

The following table shows the units of refrigeration capacity ex- 
pressed fur different units of time: 

1 ton of refrigeration = 288.000 Btu. per day. 

1 ton of refrigeration = 12, OW gtu. per hour. 

I ton of refrigeration = 200 Btu. per minute. 

1 ton of refrigeration ^ Btu. per sec 

The unit t»f capacity is made more definite by specifying the tem- 
perature or pressure range under which the refrigerating machine is 
to operate while extracting the heal. Thus the standard rating o a 
refrigerating machine is the number of standard commercial tons tia 
it actually performs under adopted standard pressures for the refrig 
erating medium. The inlet pressure of the refrigerant, measured on 
outside and within 10 ft. of the machine, is that pressure which cor- 
responds to a saturation temperature of 5® F. or —15® C. The outlet 
pressure is that pressure which corresponds to a saturation tempera- 
ture of 86® F. or 30® C. The refrigerating machine is defined as the 
pressure imposing element and is the compressor cylinder of the com- 
pression system or the absorber, liquor pump, and generator of ^ 
absorption refrigerating system. It should be noted that the abo\e 
standard rating is applied to only those machines which use a lique 
fiable vapor. 

When the metric system of units is employed, the following equt\- 
alents are useful : 

1 kilogram-calorie = 3.968 Btu. = 1 frigorie. 

I ton of refrigeration = fngones per day. 

1 ton of refrigeration — 3,0-4 fngones per h 

Ice Making Capacity.— Refrigerating machines and plants are 
sometimes rated in respect to their ice making capacity. The ice mak- 
ing capacity of a machine is the number of tons of ice which it can 
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l)roduce in one day of 24 hours, aiul in ^a'lieral is equal from 50 per 
cent to 70 per cent of the refrigeration capacity. 

The heat required to ])roduce ice is that which is necessary to c»iol 
the water to the freezing point, to freeze it, to cool it Ut temperature 
of the brine bath, and to cover other losses. 

The temperature of the water may be 90'" T. while the brine tem- 
perature may be 15° F. The heat required to cool water from W" to 
32° I*, would be equal to the tenq)erature range multiplied by the 
specific heat of water. The specific heat of water is 1 Btu, and the 
temperature range is 90° — 32° = 58° F. The heal remo\ ed in cool- 
ing the water would be equal to 58 X 1 = 58 Btu. To freeze 1 lb. of 
water requires the removal of 144 Btu. The specific heat (»f ice is 
approximately 0.5, so that the amount reepured to cool the ice to the 
temperature of the brine would be equal to the temperature range 
multiplied by 0.5. The temperature range is 32° — 15“ = 17° F., s(», 
ihe heat required is equal to 17 X 0.5 = 8.5 Btu. Total heat required 
is 58 + 144 4- 8.5 = 210.5 Btu. Ordinarily, approximately 15 to 20 
per cent additional heat is allowed to cover such losses as heat tran.s- 
ferred through brine tank insulation, heal from cans, mellage, etc. 
This additional amount would be equal to 210.5 X 0,15 «= 31.5 Btu. 
The total amount of refrigeratum required would be 210.5 31,5 = 

242 Btu. per lb, of ice, or 242 X 2000 = 484,000 Bin. ])er ton. Thus 
484,000 Btu. arc expended to produce a ton of ice that has only a 
refrigerating efTect of 144 X 2000 — 288,000 Btu. 

Also, since a ton of refrigeration is the removal of 288,000 Btu. ])er 
day, the ice making capacity would be equal l<. 288.000 ^ 484,000 -- 
0,596 =* 59.6 per cent (tf the refrigeration capacity. 


Refrigeration Loads. — It is well to observe the various elements 
that make uj) the refrigeration load inqjoscd upon machines operat- 
ing in cold storage warehouses and similar establishments. In the 
determination of the refrigeration load the following items are the 
most important: 

1. Kefrigeration to ct)ol goods stored. 

2. Kefrigeration to absorb heat transmitted through cold storage 

wall and insulation. ® 


3. Kefrigeration to offset ventilation lo.sscs. 

4. Kefrigeration to absorb heat generated in the room 

There are many tables, rules, etc., which are intended to indicate 
the aminint of refrigeration required for the above items but these 
often fail to give the correct estimate f«.r the particular plant in ques- 
tion. Therefore, it is urgently advLsed that in every case an estimate 
of each of the above factors should be made. 

The engineer should be well acquainted with all the factors which 
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impose the refrigeration load upon the equipment. Each factor should 
be investigated thoroughly so as to produce only the amount of the 
refrigeration that is necessary to give the desired results. 


Cooling of Material.— The heat to be extracted from the materials 
to be stored depends upon the initial temperature, final temperature 
in cold storage room, the specific heat and weight and whether or not 
they are frozen. In cooling the material the temperature is lowered 
to that of the room and in case the room temperature is a few degrees 
below the freezing point of the material, the latent heat of fusion must 
be removed, after which the material is further cooled to the room 
temperature. To determine the amount of sensible heat to be removed 
in cooling of the material it is only necessary to multiply together the 
weight in pounds, the temperature range and the specific heat. 

The refrigeration to cool one lb. of beef, to freeze it, and to farther 
cool it to 5® F. may be considered. The initial temperature of the beet 
is 70® F., the specific heat above the freezing point of approximately 
28® F. is 0.77 Btu. per lb. The latent heat of fusion is 102 Btu. per lb. 
and the specific heat after freezing is 0.41 Btu. per lb. The refrigera- 
tion may be tabulated as follows: 


Cooling from 70* to 28* 

Freezing 

Cooling 28* to 5* 


1 X (70 -28) X 0.77 = 
1 X 102 * 

1 X (28 -5) X 0.41 = 


32.34 Btu. 
102.00 Btu. 
9.43 Btu. 


Total cooling per lb 

The specific heats before freezing, the latent heats of fusion, and 
the specific heat after freezing and other data of common commodities 

may be found in Table 83. 

Loss of Refrigeration Through Walls. — Since the temperatures of 
the cold storage rooms are several degrees below the temperature 
of the atmosphere, heat will flow by natural tendency from the outside 
to inside through the insulation and the wall itself. Also, since it is 
obviously impossible to construct a cold storage room wall that wil 
absolutely stop the flow of heat, the transfer of heat is a contmua 
one. The amount of heat transmitted depends upon the area of the 
surface in sq. ft., the temperature difference between the outside and 
the inside, and the thickness and kind of insulation. The rate of ea 
transmission through the wall depends upon the kind and thickness o 
insulation, and the rate in Btu. per sq. ft. per degree of temperature 
difference per hour is termed the coefficient of heat transmission or 
the building wall. The total amount of heat transmitted through the 
wall is found by multiplying together the area in sq. ft., the tempera 
ture difference between the outside and the inside of the room a,n 
heat transfer coefficient. 
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Thus the heat transmitted through the walls of a room 10 ft. long 
by 10 ft. wide by 10 ft. high with an outside temperature of /O'" F. and 
an inside temperature of 5® F., with a heat transmission coefticient of 
the wall equal to 0.10 Btu. per sq. ft. per degree temperature differ- 
ence per hour would be found as follows: 


Area 6 ft. X 10 ft. X 10 ft = 600 sq. ft. 

Temperature difference (70°— 5*) = 65“ 

Heat transmission coefficient - 0.10 Btu, 

Total heat transfer, 600 X 65 X 0.10 ^ 3900 Btu. 


Ventilation Losses. — The heat to be extracted from the air tliat is 
required for ventilation purposes depends upon the size of the room, 
the temperatures of the atmosphere and the room, and the humiditv 
of the air. The actual cooling amounts to the cooling of the air and 
the condensation of the moisture that is thrown out as the tempera- 
ture is lowered. For ordinary cold storage temperatures and outside 
temperatures it is necessary to allow from 2 to .1 Rtu. per cii. ft. of air 
required for ventilation. 


Heat Generated in Rooms.— Refrigeration is re<juired to offset the 
heat generated in the rooms by workmen, lights, motors, fans, etc. 
The average workman in a cold storage room will give off to the sur- 
rounding air about 500 Btu. per hour. For each watt of capacity in 
electric lights, 3.41 Btu. should be allowed. The heat developed by 

motors, fans, etc., will he in proportion to the mechanical (Miiiivalent 
of heat. 


QUESTIONS ON CHAPTER 11. 

1. Define energy, work, and power. 

2. What are the units of work and power? 

3. State the relations of gauge pressures and absolute pressure.s. 

4. What is heat and what is temperature? 

5. How is heat measured? 

6. Define specific heat, sensible heat, and latent heat. 

7. What is the unit of refrigeration and how is it derived? 

8. What is the unit of refrigeration capacity? 

9 Explain the relation of the refrigeration and ice making capaci- 
lies of a refrigerating machine. 

10. What are the general factors which make up the refrigeration 
load on a machine in a cold storage plant? 
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Multilily 

Acres 

Acres 

Acres 

Ampere turns 

Ampere*turn< per cm. . . . 
Ampere-turns per inch. . . 

Atmospheres 

Atmospheres 

Atmosiihercs 

Atmospheres 

Hoard- feet 

British thermal units... 
British thermal units.... 
British thermal units. . . 
British thermal units... 
British thermal units. . . 
British thermal units. . . 

Btu per minute 

Utu. per minute 

Btu. per minute 

Bin. per minute 

Bushels 

Bushels 

Bushels 

Bushels 

Bushels 

Centimeters 

Centimeters 

Centimeters • 

Centimeters of mercury. 
Centimeters of mercury. 
Centimeters of mercury. 
Centimeters of mercury 
Centimeters per second 
Centimeters per second 
Centimeters |>er second 
Centimeters per second 

Circular mils 

Circular mils 

Cubic centimeters . . . . 
Cubic centimeters . . . . 
Cubic centimeters . . . . 
Cubic centimeters . . . . 
Cubic centimeters . . . . 
Cubic centimeters . . . . 
Cubic centimeters . . . , 
Cubic centimeters . . . , 

Cubic feet 

Cubic feel 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic feet . . 

Cubic feet per min... 
Cubic feet per min... 


Table 4. — Conversion Factors. 

By I he Insulite CoJii/^uuy 

t> . To obtain 


...•1.1560 

....4U47 

.,..4840 



J.54n 

....05937 

. . . . / 6.0 



14.70 

. ... 1058 

144 Si\. in. X I in 

....0.i5>0 

f .b 

3.927 X 10-* 

. ... IUS4 

.... 107.5 

....2.928 X 10-'.... 

.... 12.96 

....0.02356 

0.01757 

17. 57 

1.244 

2.50 

4 

16 

32 

0.3937 

O.Ol 

10 

0.01316 

0.4461 

27.8$ 

U.1934 

1.969 

0.03281 

0.02237 

3.72 X 10-* 

5.067 X 

1.7854 X 10-*. . 

3.531 X 10-*... 

6.102 X 10-*... 

lO-* 

1.308 X lO-V . . 

2.642 X 

10-® 

2.113 X 10-*.. 

1.057 X 10“^*- • 

2.832 X 10*... 

1728 

0.U2832 

0.03704 

7.481 

59,84 

29.92 

472.0 

0.1247 


Square feet 
Square meters 
Square yards 
Gilberts 

Ampere-turns per inch 
Ampere-turns per cm 
Cnis. of mercury 
Inches of mercury 
Pounds per $q. inch 
Tons per sq. ft. 

Cubic inches 
Kilogram-calories 
Foot-pounds 
, Horsc-power-hours 

. Joules 

. Kilogram-meters 
. Kilowatt-hours 
. Foot-pounds per sec, 

. Horse power 
. Kilowatts 
. Watts 
. Cubic feet 
. Cubic inches 
. Peck 

. Pint (dry) 

.Uuart (dry) 

. Inches 
. Meters 
, . Millimeters 
. Atmospheres 
, , Feet of water 
. Pounds per square foot 
Pounds per square inch 
. . Feet per minute 
, . Feet per second 
..Miles per hour Centimeter 
. . Miles per minute 
. . Square centimeters 
. . Square inches 
, . Cubic feel 
. . Cubic inches 
, . Cubic meters 
. . Cubic yards 
. . Gallons 
. . Liters 
. . Pints (liq.) 

. . Quarts (liq.) 

. . . Cubic ems 
...Cubic inches 
, , . Cubic meters 
. . . Cubic yards 
. . • Gallons 
, , . Pints (liq.) 

...Quarts (liq.) 

. , . Cubic ems, per sec. 

. . . Gallons per sec. 
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Tahi-k 4,— Convkhsiox Faiwrs.— CoiUinmil. 


Multiply 



Cubic feet per min. 
Cubic feet per roin. 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Degrees (angle) .. 
Degrees (angle) .. 
Degrees (angle) 
J)egrees per second 
Degrees |)er second 
Degrees per second 
Dollars (U.S.) . . . 
Dollars (U.S.) . . . 
Dollars (U.S.) ... 
Dollars (U.S.) .. . 

Dynes 

Dynes 

Dynes 

Ergs 

Ergs 

Ergs 

Ergs 

Ergs 

Ergs 

Ergs {>er second . . 
Ergs per second.. 
Ergs per second . . 
Ergs per second.. 
Ergs per second.. 

Eathoms 

Feet 

Feet 

Feet of water. . . , 
Feet of water, , 
Feet of water.... 
Feet of water... 
Feet per min. . . . 
Feet per min .... 
Feet per min. . . . 
Feet per min, . . . 
Feel per second.. 
Feet per second.. 
Feet per second.. 
Feet per second.. 
Foot-pounds ..... 
Fool pounds ..... 
Foot-pounds ..... 


0.4720 

62.4 

16.29 

5.787 X lO'*.. 
1.629 X lU-^. 
2.14.1 X IO-^. 
4.329 X 10“®.. 
1.629 X lo--*.. 

0,u2462 

0.01732 

25.21 

,61023 

264.2 

.2112 

. 1057 

.60 

.0.01745 

. 2600 

.0.01745 

.0.1667 

.0.002778 

.5.182 

.4.2u 

. o.2nS5 

.4.11 

. 1.020 X 
.7.222 X l(J“^ 
.2.248 X 10-^. 
.9.486 X 10-'' 

. 1 

. 7.276 X 10"*. 
.1.020 X 10-3. 

. IO-' 

.2,290 X l0-»» 
.5.692 X 
.4.426 X I0-*. 
.7.27 X lo-*.. 

. 1.341 X 10*-'*^ 

. nr*« 

.6 

. 2f).48 

.0.3048 

.0.02950 

.0,8826 

.62.43 

,0.4335 

.0.5u80 

.0.01667 

.0.2048 

.0.01136 

.30,48 

.0.5921 

. 18.29 

.0.6818 

. 1.28 X 10-3.. 
. 1.256 X 10’... 
. 1.256 


To obtain 

Liters per sec. 

Pounds of water per uiin. 

Cubic centimeters 

Cubic feit 

Cubic meters 

Cubic yards 

Gallons 

I. iters 

Pints tiiij.) 

yu.iris ()jq. ) 

Cubic feet 

Cubic inches 

Gallons 

Pints (liq. ) 

(Joans (lio. ) 

Minute^ 

Radians 

Seconds 

Radians per Mfcund 

Revolutions jicr min. 

Revolutions per sec. 

Francs < French) 

Marks (German) 

Pounds sterling (Brit.) 

Shillings (British) 

Grams 

Poundals 

Pounds 

........ British thermal units 

Dyncscenti meters 

Foot pounds 

Grams-centimeters 

Joules 

K I logram-c.% lories 

Btu. |K‘r minute 

Foot4>ound» |>cr min. 

FfH>t*(»ouiids per sec. 

Horse power 

Kilow'atts 

........ Feet 

Centimeters 

Meters 

Atmo^|>he^es 

Inches of mercury 

Pounds per sq. foot 

Pounds per sq. inch 

Centimeters per sec. 

Feet per see. 

Meters per minute 

Miles per hour 

Centimeters per sec. 

• • Knots |>er hour 

Meters per minute 

Miles per hour 

British thermal units 

Ergs 

Joules 
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Table 4. — Conversion Factors. — Continued. 


Multiply 


By 


To obtain 


Foot pounds 

Foot-pounds 

Foot-pounds per min.. 
Foot-pounds per min.. 
Foot-pounds per min.. 
Foot-pounds per sec. . . 
Foot-pounds per sec... 

Gallons 

(la lions 

(lallons 

Gallons 

Gallons 

Gallons per minute. . . . 

Gilberts 

Gilberts per centimeter 

Grains (troy) 

Grains (troy) 

Grains (troy) 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Gram*ca1orics 

Grams-cciUimetcr.v . . . , 
Gram-cc mi meters . . . . 
Grain-centimctcrs . . . . 
Grain-centiraelcrs . . . . 

Grams per cm 

Grams per cm 

Grams per cm 

llorse-powcr 

llorsc-power 

Horse power 

Horse power 

Horsepower 

Horse-power 

lIorse-poNvcr (Boiler) , 
IIor8e*powx*r-hours . . 
Horsc-power-liours . . , 
1 lorse-powcr-liours . . 

Inches 

Inches of mercury... 
Inches of mercury... 
Inches of mercury... 
Inches of mercury... 

Inches of water 

Inches of water 

Inches of water 

Inches of water 

Inches of water 

Joules 

Joules 

Joules 

Joules 


3.241 X 10-*. 
3.766 X 10-’. 
1.2S6 X 10-^. 
3.030 X 10-». 
2.260 X 10-*. 
1.818 X 10-^ 
1.356 X 10-®, 

3785 

0.1337 

231 

3.785 X 10-^ 

3.785 

2.228 X 10-^ 

0.7958 

2.021 

1 

0.06480 

0.04167 

980.7 

15.43 

10-» 

0.03527 

0.0321 S 

2.205 X 
3.968 X 10-^ 
9.302 X 10-® 

980.7 

7.233 X 10-» 
9.807 X 10-* 
5.600 X 10-* 

.62.43 

0,03613 

.42,44 

.2546 

.33000 

.550 

,0,7457 

.745.7 

.33520 

.1.98 X 10*. . 
.2,684 X 10*. 

.0.7457 

.2.540 

.0.03342 

.1.133 

.70.73 

.0.4912 

.0.002458 .... 

.0.07355 

.0.5781 

. 5.204 

.0.03613 

.9.48 X 10“*. 

.10-T 

.0.7376 

.2.77 X ICM 


Kilogrraro'Calorios 

Kilowatts 

Btu. per minute 

Horse-power 

Kilowatts 

Ilorsc-pow'cr 

Kilosvatts 

Cubic centimeters 

Cubic feet 

Cubic inches 

Cubic meters 

Liters 

Cubic feet per second 
Ampere-turns 
Arapere-tums per inch 
Grains (av.) 

Grams 

Pennyweight (troy) 
Dynes 

Grains (troy) 

Kilograms 
Ounces 
Ounces (troy) 
rounds 

Hritish thermal units 
British thermal units 
Ergs 

Foot-pounds 

Joules 

Pounds per inch 
. Pounds per cubic foot 
Pounds per cubic inch 
Btu. per minute 
. Btu. per hour 
, Foot-pounds per min. 

► Foot-pounds per see. 

. Kilowatts 
, Watts 

. Btu. per hour 
. Foot-pounds 
. Joules 

. Kilowatt-hours 
. Centimeters 
. Atmospheres 
.Feet of water 
. Pounds per square foot 
. Pounds per square inch 
• Atmospheres 
. Inches of mercury 
. Ounces per square inch 
. Pounds per square foot 
. Pounds per square inch 
. British thermal units 
. Ergs 

. Foot-pounds 
. Watt-hours 
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Table 4— Conversion Factors.— (Continued.) 


Multiply 


To obtain 


Kilograms 08066S Dynes 

Kilograms .*.205 Pounds 

Kilogram-calorics 1.968 British thrrm.al t.nils 

Kilogram-calories .5086 Foot-poimds 

Kilogram-meters 0.302 X 1"-^ British thermal units 

Kilogram-meters 7.23J Foot-pounds 

Kilogram-meters >.724 X I"-” Kilowatt-hours 

Kilometers 10« Ceiitimolcrs 

Kilometers .t28l Pect 


Kilometers ^t.62l4 

Kilometers per hour. 54.68 

Kilometers per hour n.9iJ3 

Kilometers per hour 0.6214 

Kilowatts 56.92 


Miles 

Feet per minute 
Feet per secoiul 
Miles per hour 
Btu. per minute 


‘-42 y I0> Foot-pounds per min. 


Kilowatts 1.341 . 

Kilowatt'hnurs 3415 .. 

Kilowalt hour-; 2.655 > 

Kilowatt*hmiT'< 1,341 

Knots r.080 . . 

Knots MS2 , 

Knots per hour 1.689 . 

Knots per hour 1.152 . 

I'itcrs 10» .. . 

liters 0.03S31 

Uters 61.02 . 

I-i»«rs 0.2642 

loiters 2.113 . 

. 

Liters per min 4.403 ) 

Meters 3.2gl . 

Meters 39.37 . 

Meters 1.094 

Meters per min 3jfil 

Meters per min 0.05468 

Meters per min 0.03728 

Meters per sec 196.8 

Meters per sec 3.281 

Meters per sec 2.237 

Meters per sec 0.03728 

Miles 1.609 ) 

Miles 5280 .. 

Miles 1,609 . 

Miles 1760 .. 

Miles per hour.., 

Miles per hour 

Miles per hour 

Miles per hour 0.8684 


nor<;e- power 

BritiOi thermal units 

1^^ Footpounds 

Horse-power-hours 

Feet 

Miles 

Feet per second 

Miles per hour 

Cubic centlmetcis 

Cubic feet 

Cubic inches 

Gallons 

Pints (Ho ) 

Quarts (\\<\.) 

Gallons per see, 

Feet 

Inches 

Yards 

- . Feet per min. 

Feet per see. 

Miles per hour 

Feet per min. 

Feet per sec. 

Miles per hour 


X !'>• Centimeter, 

S '* S280 F„t 

r . 

Mile, per hour i 4« F« t>«rm.n. 

Mile, per hour ,6no 

Miner-r Inch , f 

Ounces 4375 Cubic feet per min. 

o>*nce ;:;;:;;:>8.3s 

p" ! 

Ounces (fluid) ‘ n’r.7«7 

Ounces (fluid) 31.10 . 1:“"* 

Ounces (troy) 
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j.Mii ir 4. — CoNVEKsioN- Fa( TORS. — Coiicluded. 

^ M»liit>l~ By To obtain 

(hinces per iti o.n(*25 PouiuU per sq. in. 

Pennyweiebt (troy) l.>5> ...Ciranis 

Pint (riry) Cubic inches 

pjiii 0u\,) JR.R7 f’nhic inches 

IVntiirh 444S2.^ Dytics 

PonnrU 7‘H«» (Jraitis 

Pounds Grains 

Potjnds J6 Ounces 

l^otinds (Iroy) Pounds (av.) 

Pounds of water n.nl6o> Cubic feet 

Pounds of water 27. b8 Cubic Inches 

Pocnids of water n,1l')8 (iallons 

PonneU of u.acr per min 2.669 X Cubic feet i>cr see. 

Prninds per si|. ft n.n|6M2 Keet of water 

Ponlld^ iver sq. ft 4.882 Krs. per sq. meter 

Prninris per sq. ft 6,944 y in-^^ Poutuls per sq. in. 

Pontnh per sq, in o.n6804 Atmosphere- 

J’onnds per sq. in ....2.397 Feel of water 

Pounds |>er sq, in 2. 9.16 Inches of mercury 

Quarts (<lry) 67.29 Cubic inches 

Quarts (liq.) 57.75 ('nine inches 

Quires ^5 Sheets 

Radians 57.,tn Decrees 

Radians 34.38 Minutes 

Radians per see 57.39 Decrees per see. 

Radians per see 0, 1592 Revolutions per see. 

Ra<lians per sec 9.549 Revolutions per min. 

Revolutions 360 Degrees 

Revolutions 6.283 Radians 

Revolutions per min 6 Degrees per see. 

Revolutions per min 0.1047 Radians per sec. 

Revolutions per nnu 0.91667 Revolutions per see. 

Rods 16. 5 Feet 

Square centimeters 1.973 X lO'^ Circular mils 

Square centimeters 1.076 X 10-’ Square feet 

Square centimeters 0.1550 Square inches 

Square feet 2.296 X 10-® Acres 

Square feel 929.0 Square centimeters 

Square feel 144 Square inches 

Square feet 0.09290 Square meters 

Square feet 3.587 X 10-* Square miles 

Square inches 1.273 X 10* *. Circular mils 

Square inches .....6.452 Square centimeters 

Square inches 6.944 X 10^ Square feet 

Square inches !()•• Square mils 

Square kilometers 247.1 Acres 

Square kilometers 10.76 X 10* Square feet 

Square kilometers 0.3861 Square miles 


Square inches .....6.452 

Square inches 6.944 X 10^ 

Square inches !()•« 

Square kilometers .. 247.1 

Square kilometers 10.76 X 10*. 

Square kilometers ..•..0.3861 

Square meters 2.47 X 10“*. 

Square meters ...,10.76 

Square meters 3.86 X 10-’. 

Square mtles 640 


Square miles 


Square mites 


Tons (long) 


Tons (short) 



Acres 

Square feet 

Square miles 

Acres 

Square feet 

Square kilometers 

Pounds 

Pounds 


CHAITI'R 111. 


REFRIGERATING MEDIA. 


Refrigeration and Refrigerating Media.— KefriKciati..n lias been 
defined as the cooling of substances bflow the tenijieratures of tlic 
surroundings liy the extraction of heat from the .substances. This 
definition implies that a substance of a lower temperature than the 
material to be cooled is used to extract the heat from tlie material in 
(|uestion. The substance that absorbs the heat from the material to 
be cooled may be termed “refrigerant." The working substances or 
refrigerants of mechanical refrigeration systems niav be considered 
collectively as refrigerating media. These refrigerating media may 
be classified into two groups, in respect to the manner of absorption 
of heat. In the first group are those which cool the material by ab- 
sorbing their latent heats of evaporation. These refrigerants are lique- 
tiable vapors, such a.s ammonia, the Freons, carbon dioxide, sulphur 
dioxide, methyl chloride. In the scc»md group are those which cool by 
absorbing their sensible heals. These refrigerating media inclmle air 
calcium chloride brine, sodium chloride brine. 

Possible Refrigerant.— There are many substances which may be 
used as refrigerant, as will be seen later, ammonia, Freon 12, methyl 
chloride, carbon dioxide, and sulphur dioxide arc now the most widely 
used in the United States. By using a substance that may be changed 
from liquid to the vapor state, advantage may be taken of the latent 
heat of evaporation. The heat that is absorbed in tbe refrigerator or 
the refrigerating effect, may be found by subtracting the heat content 
o! the liquid just before the expansion valve from the heat content of 
the saturated vapor as it leaves the refrigerator coils. Thus if the 
ammonia in the coil.s has a temperature of 0’ F. and the temperature 
of the liquid just before expansion valve is 85° F. the refrigerating 
efet would 1,0 611.8 - 1.17^ _ 474.0 B,„. por lb. Since tbe hea, con® 
tent o he vapor IcavtUR the cod ,s 611.8 and .ince the heat content 
of the liquid just before the expansion valve is 137.8, it is evident that 
he ammonia absorbs the difference or 474.0 Btu. in passing through 
the refrigerator. On the other hand, if use is made only of the sensible 
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heat the refrigerating effect is (jitite small. In this case the actual 
amount of refrigerating effect may be found by multiplying together 
the wciglit of material, the specific heat and the temperature range. A 
(luaiUity of air in warming from —50'’ to 0° F. may be used to cool a 
room at 10’ I'. If the specific heat of air is 0.25 Btu. per lb. per deg., 
tlic refrigerating effect is 

1 X 0-25 X (-50* -0") = 12.5 Btu. per lb. 

In comparison with the refrigerating effect of 474.0 Btu. per lb. 
for amnumia under the above condition it will be seen that the re- 
frigerating effoet of 12.5 Btu. is (juilc small. To produce an equivalent 
.'imount of refrigeration, it is cvi<lcnt that a large volume of air must 
be circnlatc<l. 

'I'hc possibility of using a given refrigerant for a certain refrigera- 
tion problem depends upon many factors. The most important con- 
sitlcrations entering into the selection of a suitable refrigerant are the 
leniperalure and i^ressurc ranges, the cost of the working fluids, the 
chemical properties, and the physical properties. 

The Temperature and Pressure Range. — In order to cause boiling 
or evaporation the temperature of the refrigerator must be higher 
than that of the boiling refrigerant. Also in order to cause con- 
densation or liquefaction the cooling water must be colder than the 
saturated vapor. Every refrigerant has a range of temperatures cor- 
responding to definite pressures at which it will evaporate and con- 
dense. These temperature and pressure relations may be found in the 
first two columns of the tables on refrigerants. Since water is most 
commonly used for condensing purposes a refrigerant must be se- 
lected that will liquefy with the usual water temperatures and at 
reasonable pressures. On the other hand, the temperature of evap- 
oration must be obtained at satisfactory pressures. In general, it is 
more desirable to keep evaporating pressures above that of the at- 
mosphere. This is due to the fact that when the pressures are below 
atmospheric, air and moisture may be drawn into the system through 
the stuffing boxes and loose joints. Air and moisture may cause 
serious operating troubles. The following table shows the boiling 
temperatures of some of the more common refrigerants at atmos- 
pheric pressure, and the absolute pressures of their liquids at 86° F 

Temperatures at Abs. Pressures at 

Atmospheric Pressure 86.0* F. Temp. 


Animonia —28.0* F. 169.2 Ibs./sq. in. 

Carbon Dioxide —110.0* F. 1039.0 Ibs./sq. in. 

Sulphur Dioxide 13.8* F. 66.45 Ibs./sq. in. 

Freon 12 —21.7* F. 107.9 Ibs./sq. in. 

Methyl Chloride —10.0* F. 94.7 Ibs./sq. in. 
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In the event that excessively hijjh pressures exist in the condenser, 
the use of heavy pipes, steel cylinders, special fittiiifjs, stuffing boxes, 
etc., are necessary. It is obvious that these factors must be kept well 
within reason in commercial apparatus. 

Cost of the Working Fluid.— Due to leakage through joints and 
stuffing boxes, or loss due to accidents or impure condition of refrig- 
erant. it is generally necessary to replenish the charge at certain in- 
tervals. It is then apparent that the cost of the working fluid will 
determine to some extent its commercial application If the cost of 
the working fluid was sufficiently low. the li<iucfiab!e refrigerants 
could be wasted to the atmosphere, after they have alisorbed their 
latent heats of evaporation from the materials in the refrigerator. 
However, all of the known refrigerants at present cost so much 

that they must be used over and over again, by repetitions of the 
working cycle. 

The Chemical Properties.— The chemical characteristics of llic 
working fluids are important in the efficient selection of the refrig- 
erant, on account of two con.sidcrations. In the first place the re- 
frigerant must not have a corrosive action upon the various metals 
which are used m the construction of the system. Although the re- 
frigerants m their pure state do not attack the metals used in the 
systems generally, such foreign matter as water, oils, etc. in com- 

1 " corrosion. In the second 

stand the repeated evaporations, condensations, absorptions and dis 

sptem the refrigerants may show a tendency to disintegrate inio 
heir respective elementary substances. This is due to the^fact that 

to a very large extent Tho nro *u commercial application 
vapors in the^condensor Iftcfs ,o 

sign of the system TLlpcdfic vorumn degree the de- 

the refrigerator pressure, determines tn 

piston displacement, and’ in order for a refrigerator of 

versal use it is necessary to keep this valnO ^ 

magnitude of the latent heat nf 0,. ^ possible. The 

foot affect the quantity of medium toTe drculated lo‘‘orod ^ 

refr,gera,mg effect. The critical temperature vapor rs'the^r 
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poratiirc above which it is impossible to condense the vapor by appli- 
cation of pressure. Since the temperature of the saturated vapor in 
the condenser is several degrees above the temperature of the con- 
denser cr)oling water, it is evident that the critical temperature must 
he considered in relation to the maximum temperature of the cooling 

water. 


Relationship of Physical Properties. — In considering the various 
stales of matter it is evident that certain properties of matter deter- 
mine the state of the material. These imjiortant properties of matter 
arc pressure, volume, temperature, heat content and entropy. These 
may he termc<l the cardinal properties of matter, since their magni- 
tudes determine the characteristics of the material at a given state, 
l-'urihcrmorc, when any two of the live cardinal properties are known, 
the other properties may he found, thus if the pressure and specific 
volume arc known it is p(»ssihlc to calculate the size or magnitude of 

the temperature, heat content, etc. 

'Fhc new properties mav be determined by calculation or taken 
from tables of properties of the various substances under considera- 
tion. Ammonia vapor at 170 lbs. abs. pressure and at a temperatui^ 
86,29’’ F. may have its tcmjjeralure increased 15.V7l° or to 240 F. 
The following taliulation will show the variation of the values of the 
cardinal properties : 

Slate 1. 

Temperature, deg. F 86.29 

Pressure, lbs, abs 170. 

Specific volume, cu. ft. per lb 1.764 

Heat content. Btu. per lb 631.6 

Entropy 1.1900 


Stole //• 
240. 

170. 

2.473 

730.9 

1.3512 


When the pressure of a vapor is increased its temperature, or 
temperature of its boiling point, is increased proportionally. How- 
ever, the other properties will he decreased in the same proportion. 
.\s an example, ammonia vapor has its pressure increased from 20 
lbs. to 170 lbs. abs. pressure. The following tabulation will show the 
properties at the various states: 


Pressure, lbs. abs 

Temperature, deg. F 

Specific volume, cu. ft. per lb 
Heat content, Btu. per lb. . . . 
Entropy 


State /. 
20 00 
-16.64 
13.50. 
606.2 
1.3700 


Stale- 1 /■ 
170.00 
86.29 
1.764 
631.6 
1.1900 


Bureau of Standards Ammonia Tables. — One of the first things 
that the operating refrigerating engineer should understand is the 
ammq^a tables. While there are a number of refrigerants in use, the 
greater number of industrial plants use ammonia. 
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The United States Bureau of StandaiaB, in puhiished the 
properties of ammonia, piven in Tables fi to 10. iiulusivc. Table 6 is 
a saturated ammonia temperature table, which has even deforces of 
temperature, ranging from —60^ to 125° F.. along the left- and righl- 
hand sides of the tables. Tabic 7 is a saturated annnonia alisolulc 
pressure table, which shows the properties of ammonia from 5 to 300 
lbs, pressure for even pounds of absolute pressure. Table 8 is a satu- 
rated ammonia gauge pre.ssure table, which shows the properties of 
ammonia corresponding to gauge pressures, ranging from 0 to 300 lbs., 
which shows also the properties of ammonia corresponding to inches 
of mercury, ranging from 20 to 0 in. of mercury below <.ne standard 
atmosphere. Table 9 gives the properties of litjuid ammonia, ranging 

from the freezing point at -107.86° F. to the critical temperature at 
271.4° F. 



Fig. 17— Temperature-Pressure Curve for Ammonia. 


Table 10 gives the properties of stipcrhcated ammonia vapor Re- 
fernng to Table 6 again, it is desired to sec what the figur s n the 
various columns mean. In Table 6 tlic first column giies the tem- 
perature in degrees Fahrenheit (I) of saturated ammonia corresponl 

mg to the absolute pressure, lbs. per sq. in. f/,;, and corresponding to 
gauge pressure in lbs. per sq. in. (g.p.) ^ 

By referring to Table 6, it will be observed that when the tem- 
perature of saturated ammonia is increased the corresponding pres- 
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sure increases proportionately — that is, the higher the temperature 

the higher the pressure, and vice versa. 

By saturated condition is meant the condition at which the am- 
monia is on the point of evaporating or condensing. 

Temperature-Pressure Relationship. — The manner in which the 
relationship between the temperature and pressure varies is shown 
graphically by Fig. 17. This figure shows plainly how increasing the 
temperature of the condensing or boiling point increases the pres- 
sure in proportion. The particular relationship existing between the 
temperature and jircssurc of ammonia is graphically shown by Fig. 
18 for a temperature of saturated ammonia of 70° F. 

The liquid ammonia receiver shown in Fig. 18 is partially filled 
with liquid ammonia. The space immediately above the liquid is 
filled with the saturated vapor as shown. The thermometer indicates 
a temperature of 70° !•'. 

h.'! 



T 


Fig. 18. — Temperature and Pressure of Ammonia. 

By referring to the ammonia tables at a point of 70° F. it will be 
observed that the absolute pressure is given as 128.8, and the gauge 
pressure is given as 114.1. The meaning of the gauge pressure of 
114.1 is explained by referring to Fig. 18. In Fig. 18 a vertical tube, 
one inch square, is attached to the ammonia cylinder. The top of this 
tube is open to the atmosphere. In the tube is inserted a weight of 



REFRIGERATING MEDIA 


55 


sufficient amount to just balance the pressure within the receiver. 
When the intensity of pressure of the air upon the weight is 147 ll>s. 
per sq. in., then the weight itself would have to contain 114.1 lbs. to 
balance the pressure within the receiver. 

If a pressure gauge is attached to the drum as shown, it will in 
a similar manner register the pressure of the ammonia vapor abo\ e 
atmospheric pressure, which in this case would be 114.1 lbs. 

From Fig. 18 it will be observed also that the total force exerted 
by the weight in the vertical tube would be equivalent to 114.1 + 14.7 
— 128.8 lbs. per sq. in., which is the absolute pressure corresponding 
to the pressure of the ammonia when maintained at a temperature 
of 70‘» F. 
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Fig- 19-“Temp€rature and Pressure of Ammonia. 


The relationship between absolute pressure and gauge pressure 
.s more fully .llustrated by referring to Fig. 19. In this figuTthe 
ammonia receiver and instruments shown in Fig. 18 are put into air- 
ight vessels, after which a very perfect vacuum is pumped on same 

lre3e ( r'® " "" [""’“'"I’ “ “■« in order to balance the 

p assure of the ammonta in the receiver the weight in the tube would 

have to be increased to 128.8 lbs. This, of course, holds true so long 



56 


PRINCIPLES OF REFRIGERATION 


as the verlical lube has an area oi 1 sq. in. A thermometer as indi- 
cated would show a temperature of 70^ F., and if a pressure gauge 
was attached to the receiver it would register 128.8 lbs. per sq. in., 
which corresponds to the intensity of pressure exerted by the weight 
in the vertical tul)e upon an area having 1 sq. in. of surface. The point 
to be borne in mind is that when the temperature of ammonia is 70 F., 
and when there is both liquid and vapor present — that is, the am- 
monia is in the saturated condition— then its gauge pressure is al- 
ways 114.1 lbs. and the corresponding absolute pressure 128.8 lbs., 
when the atmosj)heric pressure is 14.7 lbs. 



Specific Volume of Ammonia. — In the third column of Table 6 
are given the values of the specific volumes of the vapor (z')’ 
pressed in cubic feel per pound. At 70® F. it will be noted that the 
specific volume of the vapor is 2.312 cu. ft. per lb. 

By referring to Table 9, “Properties of Liquid Ammonia” at 70° F., 
it will be noted that the specific volume of (zO of the liquid is 0.0263 
cu. ft. per lb. The meaning of the foregoing values is illustrated by 
Fig. 20. 

In Fig. 20 are illustrated two vertical tanks, one foot square, which 
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contain a vaciuim on each side. H a pound t.f saturated ammonia 
vapor at a temperature 70^ F. is placed within ilic iul)e to the lett. 
as shown, and confined hy means of a piston, the height of the piston 
from the bottom of the tube would he 2. .^12 ft. 

Inasmuch as the i)ressure inside of the tube originallv is a vacuum, 
and on account of the fact that the saturated ammonia vapor at 70 ^ F, 
has an intensity of absolute pressure of 12H.8 lbs. per s<i. in., the weight 
of the piston to confine the vapor would have to he 144 X 128 8*= 
18547.2 lbs. 

The meaning of the specific volume of a licptid as compared to the 
specific volume of the vapor under the same conditions is shown by the 
vacuum tulie to the right in Fig. 20. 



The volumes of the tubes in Fig. 20 are drawn to scale, so that t>ne 
may obtain a more graphical picture of the variation between the 
specific volumes of the Ihjuid and vapor. Referring again to the .satu- 
rated ammonia temperature table at a temperature of 70'’ F in the 

fifth column, the density of the vajior I/V is given in pounds per cubic 
f«iot. 

For a temperature of saturated ammonia of 70 ' F. the density of the 
vapor IS given as 0.4325 lbs. per cu. ft. The meaning of this is illus- 
trated by referring to lug. 21. In lug. 2. a vacuum i.ntainer holding 
exactly one aibic foot is placed on the platform scales and balanced by 
meams of weight .\. The container is then filled with saturated ammo- 
nia vapor aui temperature of 70^^ F. and a gauge pressure of 1I4.I lbs 
per st|. in. Then, in order to balance these .scales, it is necessary to add 
a weight as shown, equal to 0.4.125 lbs. This shows graphically that 
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the weight of one cubic foot of ammonia vapor at 70° F. and pressure 
of 114.1 lbs. is 0.4325 lbs. An extra column shown in Table 6, ‘ Satu- 
rated Ammonia Temperature Table ” gives the heat content of the 
liquid {h) and the heat content of the vapor (H) temperature, expressed 

in Btu. per lb. 

Heat Content.— By heat content is meant the heat in a material 
above a certain reference temperature. For the purpose of the 
nia tables, —40° F. has been selected as a reference point, above which 
all heat contents are reckoned as being positive, and below which all 
heat contents are reckoned as negative. Consequently, the heat 
lent of ammonia at any particular temperature means the heat which 
is required to bring the ammonia to the temperature in question from a 
temperature of —40° F. It will be remembered, that in the former am- 
monia tables, as well as in the steam tables, 32° F. was used as a refer- 
ence temperature. In selecting — 40° F. as a reference temperature 
the Bureau of Standards had in mind the elimination of the addition 
and subtraction of awkward positive and negative quantities, which is 
necessary when 32° F. is used as a reference temperature. ^ 

Most problems in refrigerating engineering are above —40° F., so 
that working of negative quantities is practically eliminated. By re- 
ferring to the sixth column it will be noted that the heat content of the 
liquid is given as 0 at -40° F., and that for all temperatures above 
—40° F. the heat contents are positive, and below they are 
Thus, if the temperature of the liquid ammonia is increased from —40 
to 0° F., the heat added is that shown as the heat content of the liquid 
at 40° F., which in this case is 42.9 Btu. per lb. In like manner, when 
it is increased from — 40 to -{-50 and H-66, the heat contents would c 
97.9 and 116 Btu. per lb., respectively. However, at 66° F. the 
sure of the ammonia is maintained at 120 lbs. per sq. in. abs., and i 
heat is still applied to the liquid ammonia it will continue to evaporate 
at this temperature until the ammonia is entirely evaporated. The 
heat required to change the state of the liquid ammonia to that of the 
vapor ammonia is known as the latent heat of evaporation. This is 
shown by the eighth column of the saturated ammonia temperature 
table, which gives latent heat (L) Btu. per lb. 

For a temperature of evaporation of 66° F. it will be noted 
latent heat of evaporation is 512.4 Btu. per lb. This means that 51 • 
Btu. will be required to change a pound of liquid ammonia to a poun 
of vapor ammonia. Then, if it is desired to determine the amount o 
heat in the ammonia, it is only necessary to add together the m 
the liquid above —40° F. and the latent heat of evaporation. Conse- 
quently, the heat content of the saturated ammonia vapor at a tem^ra- 
ture of 66° F. would be found as follows: 512.4 116 = 628.4 Btu., 
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which corresponds to the heat content of the vapor (H) given by the 
seventh column of the saturated ammonia temperature table. Another 
way of saying the same thing is to say that the difference between heat 
content of the saturated vapor and the saturated liquiil at the same 
temperature is the equivalent to the latent heat of evaporation. 



Fig. 22.— Heating of Ammonia. 


heatcon^AnT ^ observed in the foregoing is that the 

an,i ^ ammonia vapor at a temperature of 66® F. 

ner Ih of 105.3 lbs. sq. in. gauge is 628.4 Btu. 

per ID. I he saturated ammonia temperature table shows also that for 
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a temperature of 66*^ P. that the specific volume of the ammonia vapor 
is 2.477 cu. ft. per lb. If the saturated ammonia vapor i.s still main- 
tained at a pressure of 105. lbs. per sq. in. gauge, and heat be applied, 
the temperature will begin to rise immediately. It might be assumed 
that heat is applied until the temperature rises from 66® to 250® F. 
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Fig. 23. — Heat Content of Ammonia. 


By referring to Table 10, “Properties of Superheated Ammonia 
Vapor,” at a pressure of 120 lbs. per sq. in. abs., and a temperature of 
250® F., it will be noted that the heat content of the superheated am- 
monia vapor is 740.7 Btu. per lb., and the volume has increased to 3.614 
cu. ft. per lb. 

The heating of ammonia from —40® to 250® F. under the conditions 
described in the foregoing is illustrated by Fig. 22. Vacuum tube No. 1 
contains one pound of liquid ammonia at —40® F., in which its heat 
content and liquid are shown. The condition of liquid ammonia at 66 
F. is shown by vacuum tube No. 2. Here the temperature has in- 
creased from —40® up to 66® F., the volume has increased from 0.0232 
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to 0.0262, and the heat content has increased to 116 Btu. per II). In 
vacuum tube No. 3 is shown the condition of the ammonia \'ap()r at 
66 “ F., while the condition of the superheated ammonia vapor at 250“ 
F. is shown as vacuum tube No. 4. The vacuum tubes are one foot 
square and contain pistons wliich weigh 144 X 120 = 17280 lbs. to con- 
fine the ammonia. 

The relative height of the pistons in the different tubes illustrates 
graphically the specific volume of the ammonia at tlie corresponding 
conditions. The relationship between the temperature and heat con- 
tent of ammonia for the foregoing conditions is illustrated graphically 
by Fig. 23. In this diagram the line AB represents the heating of the 
liquid ammonia from -40“ F. to 66 ® F. The vertical distance in the 
chart represents temperature, while the horizontal represent.s heat 
contents. The line Bt represents the increase in the heat content dur- 
ing the evaporation period. Line CD represents the superheating of 
the ammonia vapor from 66 ® to 250® F.. at a constant pressure of 120 
lbs. per sq. in. Fig. 23 gives a graphical illustration of how the heat 
of ammonia is increased when its temperature is increased, and a 
change of stale jiroduced also. 

Entropy.— The last two columns in Table 6 , “Saturated Ammonia 
Tables’ are labeled “Knlropy of the Liquid” (s) and “l-ntropy <.f the 
\ apor” (S), expressed in Btu. per lb. per deg. F. ; also, in Table 7 the 
saturated ammonia temperature table, it will be observed that the en- 
tropy of the vaporization L/T is given also. 

While the name entropy may seem a little difficult to understand 
It must be remembered that it is simply a mathematical ratio, which is 
obtained by <lividing the heat added or subtracted during a process by 
the average absolute temperature during the process. For example, 
one may refer to the entropy of the liquid ammonia. .\t —40® F it 
will be observed that the entropy is given as 0 . 0 . while at a tempera- 
ture of 60° h. or a pressure of 120 lbs. it is given as 0.2451. 

It will further be noted, also, that the heat content at -40® F. is 
0,0, and that the heat content at 66 ® F. is 116.0 Btu. per lb. The ap- 
proximate method of determining the entropy for this condition is as 
follows: ri,e heat added dunng the process of heating ammonia from 

•W l.to 66 b. IS. according to amm.mia table. 116 Btu. The aver- 
age temperature during the process would be 13° F. This would cor- 
respond to an absolute temperature of 13 4 . 459.6 = 4726"^ F Th 
tropy of the liquid ammonia at a temperature of 60° F is’ therefore’ 
calcu ated as follows : 1 16 ^ 472.6 = 0.2452. This correspond apTrLxh 

mately to the value gtvet. for the entropy of liquid at 120 lbs. and 66- F 
in Table 7. Also, referring to Table 7, it will he observed that the 



62 


PRINCIPLES OF REFRIGERATION 


latent heat of evaporation is 512.4 Btu. per lb. The absolute tempera- 
ture during the evaporation would be 66 -}- 459.61 = 525.6. 

The entropy of the evaporation for this condition is therefore calcu- 
lated as follows: 512.4-^525.6 = 0.9749, which corresponds with the 
value given in Table 7, and is known as the entropy of evaporation. 
The entropy of the saturated vapor must consequently be the sum of 
the entropy of the liquid and evaporation. The entropy of the vapor 
then would be calculated as follows : 0.2451 *4- 0.9749 = 1.2200. 
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Fig. 24. — Increase of Temperature and Entropy. 


In a similar manner, by referring to the superheated ammonia vapor 
at a pressure of 120 lbs. and a temperature of 250® F., it will be noU 
that the heat content is 740.7 Btu. per lb. It will be remembered that 
the heat content of saturated vapor at the same pressure is 628.4. Con- 
sequently, the heat added during the superheating process is 740.7 — 
628.4= 112.3 Btu. 

The average temperature during the superheating process would be 
66 -f 250 -i- 2 = 158® F. The absolute temperature during the process 
would be 158 + 459.6 = 617.6® F. The entropy of the superheat would 
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then be as follows: 121.3 h- 617.6 = 0.1820. The entropy of the .super- 
heated vapor would then be found as follows; 1.2200 0.1820 = 

1.4020. This corresponds, approximately, to the value given in the 
superheated table for ammonia vapor at a temperature of 250® F. and 
pressure of 120 lbs, 

A change of entropy of ammonia in accordance with a change of 
temperature and with the addition of heat, as descrilied in the fore- 
going, is shown graphically by Fig. 24. This is known as the tempera- 
ture-entropy chart, vertical distances being plotted according to tem- 
peratures, and horizontal distances being plotted according to entropy. 

The increase of entropy of the licpiid when it is heated from —40® 
to 66® F. is shown by line AB. The entropy of the liquid at 66® F. of 
0.2451 is shown by point B. The entropy of evaporation is shown by 
line BC. The increase of entropy during the superheating process from 
66® to 250® F. is shown by line CD. The line BC shows how the en- 
tropy increases rapidly at constant temperature during the evaporating 
process. The line CD shows how the temperature increases rapidly 
and the entropy increases slowly during the superheating vapor. 

Entropy is just as important a property of ammonia as any other 
physical characteristic, such as temperature, pressure or volume. 

Heat Content Pressure Diagram.— The principal properties of am- 
monia have been plotted on a diagram which is known as a heat-content 
pressure-diagram. This is shown in Fig. 25 in the back cover pocket 

In addition to portraying the properties of ammonia in all its phases 
the ammonia chart. Fig. 25, prepared by the Bureau of Standards, may 
be used to show graphically the various cycles of operation which arc 
commonly used in refrigerating systems. Also, the magnitude of the 
various heat quantities, volumes, pressures, temperatures, may be de- 
termined directly from the diagram without reference to the tables of 
the properties of ammonia. Ihe use of the diagram leads to the deter- 
mination of fundamental constants of the refrigerating cycles with the 
minimum amount of calculation. In addition, in its present form, it will 
yield results which are sufficiently accurate for all practical purposes 
1‘rom these considerations it is evident that the diagram should be 

thoroughly understood and used by all who are connected with re- 
fngcrating engineering. 

Nature of the Chart -The chart is known as a pressure heat-content 
diagrain. Charts of this type, which are sometimes termed “Mollier 
Charts, were introduced originally by Mollier. The ordinates or ver- 
tical distances in the diagram arc pressures which are laid off in nro- 
portion to the lopnthms of the pressures. The pressures on the ordi- 
nates vary from 5 to 300 lbs. abs. The abscissas or horizontal distances 
of heat contents of ammonia in Btu. per lb. above a reference plane of 
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-40" V. arc laid oft on a linear vcalc. having the dimensions equivalent 
to 2 and 5 Bin. each. The heat contents shown vary from —26 to 830 
Btu. per lb. T<> bring the diagram within reasonable length, in the 
center portion r>f the scale, the heat contents are laid off with divisions 
that are erjuivalcnt to 5 Btu. each. Ibis refers to heat contents shown 
on the diagram between 200 and 300 Btii. ])er lb. In a similar manrier 
it should be noted that the pressure scale of this diagram is in reality 
the logarithms of the pressures having the actual pressures indicated 
on the scale at the lengths of the various divisions corresponding to 
the logarithm of the pressures. 

.\cross the left-hand side of the diagram is shown the saturated 
litjuid line, and across the right-hand side (T the diagram is shown the 
saturated vapor line. These two characteristic lines, representing the 
conditions of saturated liquid and vapor, divide the chart into three 
parts, and arc plotted by laying off heat contents of the liquid and va- 
por at different pressures from the zero heat content line. 

The region in the diagram to the left of the saturated liquid line 
contains poijits which represent the conditions of the aftercooled liquid 
ammonia. Points on the liquid line represent saturation, and points to 
the left of the litpiid represent aftercooled liquid. 

Points in the space between the saturated liquid line and the 
rated va])or line indicate the conditions of the mixture, of liquid and 


vapor in the process of evaporation or condensation. 

The area of the diagram to the right of the saturated vapor line 
represents the properties of the superheated vapor, in which points 
near the saturated vapor line represent small amounts of superheat, 
while points near the extreme right-hand side of the diagram represent 
large amounts of super-heat. In addition to the foregoing, character- 
istic lines, lines of constant quality of the mixture are shown at suitable 
intervals betw-een the saturated liquid and vapor lines; a family ot 
curves, showing constant volumes, appears in the saturated mixture 
and superheated vapor regions; across the right-hand side of the satu- 
rated mixture region and extending through the superheated vapor re- 
gion are lines of constant entropy; constant temperature lines pass 
nearly vertically dowuiward through the liquid region to the saturate 
liquid curve, from which they pass in a horizontal direction 
saturated vapor curves, and then pass nearly vertically downward 
through the region of the superheated vapor. 

The chemical expression for ammonia is NH.i, where N means 
gen and H means hydrogen. One atom of nitrogen (N) units wff 
three atoms of hydrogen (H) to form one molecule of ammonia NHa- 


Properties of Ammonia. — It is well to observe the relative charac 
teristics of the various refrigerants. Ammonia is ordinarily harmless 
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to iron and steel liut it will attack cf)p))cr and loppcr lleiue. 

these metals cannot be user! in the construction of the >vstcm. A solu- 
tion of ammonia and water such as used in absorption machines ma\' 
have corroding action on iron and steel, in the presence of foreign mat- 
ter. The critical pressure and temperature arc U».^7 Ihs. and 271.4" F. 
Since the critical temperature is high, warm condensing water may be 
used. But ammonia will begin to disintegrate into nitrogen and hydro- 
gen above 900^ F., so that it is advisable to always keep the tempera- 
ture below 300'’ F. in order to reduce to a minimum the formation of 
the permanent gases. The presence of such foreign matter as water, 
oils, etc., will promote the <lisintcgration action slowly, .\mmonia will 
burn above 9C)0" F., hut the combustion does not have the force of an 
explosion. It is somewhat dangerous to life, due to its corrosive and 
suffocating action, The compression of the vapor follows the law 
pyi = a constant, where P is the absolute pressure in lbs. per sq. ft. 
and \’ is the volume in cu. ft. This means that the product of the pres- 
sure. expressed as lbs. per sq. ft. and the volume in cu. ft. raised to the 
1,28 power will always equal a c<inslant numerical quantity. Ammo- 
nia retjuires only medium pressures and temperatures in the working 
cycle. 

The following ta))le shows the comparison of the principal proper- 
ties of saturated ammonia at the temperatures of 5” and 86'’ : 


Temperature, cleg. F 5' K. 86’ F, 

Pressure, lbs. per sq. in. abs 34,27 U)92 

Pressure, lbs. per sq. in, gauge 19.57 154^5 

Specific votumc of vapor, cu. ft. per lb 8.150 1 , 77 _) 

Heat content of liquid. Btu 48,3 KtM ” 

Heat content of vapor. Btu 613,3 631.5 

Latent heat evaporation. Btu 565,0 492 6 

Knlropy of vapor 1.3253 U904 


Properties of Freon 12. — The most widely used t)f the Freon group 
of refrigerants is Freon 12 (CCUFj). It is noncorrosive to steel, iron, 
brass, copper, aluminum or other metals used in refrigerating systems. 
It is a medium pressure refrigerant with moderate discharge tempera- 
ture. At atmospheric pressure the boiling point is — 21.6°F. The criti- 
cal conditions are at 232.7’’F. and 582 lbs. pressure abs. Both the liquid 
and vapor have a relatively high density. The specific gra\ ity of the 
liquid is 1.44 and of the vapor is 5.2. 

Freon 12 has a very slight odor. It is non-toxic and non-combus- 
td)le. In a high temperature flame it will break down and this fact is 
used to locate leaks with a halide torch. 

The following table shows a comparison of the principal properties 
of saturated Freon 12 at temperatures of 5® F. and 86° F. Complete 
data is given in Tables 11 and 12. See also the Pressure-Heat Diagram 
Fig.25A and the Hcal-Fnlropy Diagram, Fig. 25B, in the cover pocket 
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Temperature, deg. F 

Pre.-isure, lbs. per sq. in. abs 

Pressure, lbs. per sq. in. gauge 

Specific volume of vapor, cu. ft. per lb 

Heat content of liquid, Btu 

Heat content of vapor, Btu 

I..atcnt heat evaporation. Btu 

Entropy of vapor 


5“ F. 

86” F. 

26.5 

107.9 

11.8 

93.2 

1.485 

0.389 

9.32 

27.77 

78.79 

87.37 

69.47 

59.65 

0.1705 

0.1664 


Other Freon Refrigerants.— Two other Freon refrigerants are of 
^pccial interest : Freon 11 which is used in centrifugal compressors and 
Freon 22 which is especially adapted to low temperature work. Both 
of them are non-toxic and non-inflammable. 

Freon 11 (CCUF) is a very low pressure refrigerant with large gas 
volume at ordinary suction temperatures. Thus it lends itself well to 
use in centrifugal compressors. The properties of saturated Freon 11, 
shown in Table 13, at standard conditions are: 


Temperature, deg. F 

Pressure, lbs. per sq. in. abs 

Pressure, lbs. per sq. in. gauge 

Specific volume of vapor, cu. ft. per lb. 

Heat content of liquid, Btu. per lb 

Heat content of vapor, Btu. per lb 

Latent heat of evaporation, Btu. per lb 
Entropy of vapor 

• Inches of mercury below one atmosphere. 


5' F. 

86' F. 

2.93 

18,28 

23.95* 

3.58 

12.27 

2.24 

8.88 

25.34 

92,88 

102.65 

84.0 

77.31 

0.20 

0.194 


Freon 22 (CHCIF 2 ) came into wide use during the war for low tem- 
perature work. It has a suction pressure higher than ammonia and 
considerably higher than Freon 12 in the low temperature range al- 
though the discharge pressure is not much above ammonia at ordinary 
condensing temperature. When working at the same temperature 
levels the discharge temperature is considerably lower than that of am- 
monia. Table 14 gives the properties of saturated Freon 22 which at 
5® and 86® F. are: 


Temperature, deg. F 5“ F. 

Pressure, lbs. per sq. in. abs 43.12 

Pressure, lbs. per sq. in. gauge 28.42 

Specific volume of vapor, cu. ft. per lb 1.24 

Heat content of liquid, Btu. per lb 12.W 

Heat content of vapor. Btu. per lb ^ 

Latent heat of evaporation, Btu. per lb 93.20 

Entropy of vapor 0.228 


86' F. 
174.4 
159.7 
0.311 
36.09 
112.28 
76.19 
0.213 


Properties of Carbon Dioxide. — The properties of saturated carbon 
dioxide vapor have been investigated by Mollier, Amagat, Hodsdon, 
and others. Table IS shows the properties of this refrigerant for the 
usual range of working temperatures. Also see the Temperature 
Entropy Diagram, Fig. 25C, in the cover pocket. The chemical desig- 
nation of carbon dioxide is CO 2 where C represents carbon and O rep- 


resents oxygen. 



REFRIGERATING MEDIA 


67 


Carbon dioxide is harmless to iron, steel, copper, etc., and therefore 
almost any metal may be used in the system. Its critical temperature 
is 88.4® F. and the corresponding critical pressure is 1071 lbs. abs. 
Therefore, comparatively cool condensing water must be used. The 
chemical bond of the molecules is strong and it is naturally non-com- 
bustible. Due to the small specific volume, or the large weight per unit 
volume, the refrigerating effect per unit of displacement is large. This 
means the compressor cylinder may be made comparatively small for 
a given tonnage. It, however, requires excessively high pressures, 
which necessitates the use of steel compressor cylinders, special fit- 
tings, packings, etc. The compression of the vapor follows the law of 

P\M 3 = a constant. It has only a suffocating action on life. Carbon 

dioxide was u.sed only to a small extent in the production of refrigera- 
tion in previous years but is being used much more extensively at the 
present time. 

The relative values of the properties at the saturated temperatures 
of 5® and 86® F. arc indicated by the following table : 


Temperature, deg. F 5° F. 86* F 

Pressure, lbs. per sq. in. abs 331.9 IO43 0 

Pressure, lbs, per sq. in. gauge 317.2 1028!3 

Specific volume of vapor, cu. ft. per lb 0.2673 0 047 

Heat content of liquid Btu. per lb 21.3 83J 

Latent heat of evaporation Btu 117.5 27 1 

Heat content of vapor Btu 138.7 jio’4 

Entropy of vapor (from 32* -t- 1) 1.2218 U381 


Properties of Sulphur Dioxide.— The chemical expression for sul- 
phur dioxide is SO 2 , where S represents sulphur and O represents oxy- 
gen. The properties of saturated sulphur dioxide are shown in Table 
16. A pressure-heat diagram, Fig. 26, is in the cover pocket. 

The following tabulation will show the variation of the properties 
at 5® and 86® F. : 


Temperature, deg. F 

Pressure, lbs. per sq. in. abs. . . 
Pressure, lbs. per sq. in. gauge. 
Specific volume, cu. ft. per lb. 

Heat content of liquid Btu 

Latent heat of evaporation Btu 

Heat content of vapor Btu 

Entropy of vapor 


0 r. 
11,81 
—2,89 
6.421 
14.11 
169.38 
183,49 
0.3960 


86* F. 
66.45 
51.75 
1.185 
42.12 
142.80 
184.92 
0.3495 


Sulphur dioxide forms an acid when it is mixed with water so that 
all moisture must be excluded from the system. Iron, steel and copper 
m.-iy be used m the construction of the system. Its critical condition 
exists at 311° F. and 1160 lbs. pressure. Therefore, warm condenser 
water may be used. The chemical bond is strong and it will therefore 
withstand repeated evaporations and compressions easily’ It is of 
course, non-combustible. The refrigerating effect per unit volume is 
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low, so tiic coniprcssm' cvlnulcrs inusl he conipjiratively large. 

The pressures of the condensing vapf>rs arc quite low, being from 40 to 
hO lbs. gauge. 'I'he compression of the vapor follows the law of 
^ constant. It is somewhat dangerous to life due to its cor- 
r(>si\e and suffocating action. This refrigerant is used principally in 
small machines, such as the domestic type. 

Properties of Methyl Chloride. — -The \ arious thermal projierties of 
methyl chloride ha\c been imestigated by (lOuault, Holst, Herter, and 
others. The chemical formula for methyl chloride is CHjCl. The 
projierties of the fluid arc shown by Table 17. The variations of the 
properties of metlivl cliloride at 5° and 8f>* F. are shown by the follow- 
inc tabulation : 


Temperature, deg. F 5 F. 

Pressure, lbs. per sq. in. abs 21.15 

Pressure, lbs, per sq. in. gauge b.45 

Specific volume of vapor, cu. ft. per lb 4.47 

Heat content of liquid 16.2 

Latent beat of evaporation 180.7 

Heat content of vapor 196.9 

ICntropy of vapor 0.425 


86" F. 
94.7 
80.0 
1,08 
46.67 
159.13 
205.8 
0.389 


This refrigerant is neutral to iron, steel, brass and copper but it 
should never be used in .systems containing aluminum, zinc or mag- 
nesium. Due to the medium pressure ranges, the discharge tempera- 
ture is generally low, but, if the temperature increases, methyl chloride 
has a tendency to decompose into carbon, hydrogen and chlorine. 
Chlorine, of course, will attack the metals of the system. The critica 
condition exists at 286.9® F. and 1073 lbs. pressure abs. It is non* 
combustible at ordinary temperatures, but will burn when ignited wit i 
a flame. The condensing pressure will vary 60 to 90 lbs. gauge. The 
compression of the vapor follows the law of — a constant. 

Methyl chloride is toxic and has a very faint odor. Where more 
than a few pounds of it are used good ventilation should be provided. 
The field of application of methyl chloride is comparatively narrow, 
being used only in the smaller plants, principally in commercial wor . 

Comparative Value of Refrigerants. — The following tabulation 
shows the comparison of the five principal refrigerating media, m re- 
spect to the pounds of refrigerant per minute required to be vaporize 
to produce one ton of refrigeration, the theoretical displacement of t e 
compressor per ton of refrigeration and theoretical horsepower 
of refrigeration. The values are for an evaporator temperature of 5 
and a temperature of 86® F. in the saturated portion of the condenser. 

The pounds of refrigerant per minute per ton varies from 0.422 I s. 
of ammonia to 3.9 lbs. of Freon 12. Sulphur dioxide and methyl 
ride require aboufthe same as shown by line No. 4 of the table. T e 
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theoretical compressor displacement per min. per inn varies trnni 094’ 
cu. ft, for carbon dioxide to 9.05 for sulphur <lioxidc. The acliia! dis" 
placement will be 15 to 25 per cent more than these theoretical value'. 
The low displacement for carbon dioxide is due to its low specific vol- 
ume. while the large displacement for sulphur dioxide is due to its lar^c 
specific volume. The theoretical horsepower per ton of rcfrigcratioiris 

Tables. Char.\(tf.ristks ok Rekrk.krants 


1. Heat content of vapor, leaving evapora- 

tor, Btu 

2. Heat content of liquid, leaving con- 

denser, Btu 

3. Refrigerating effect, Btu [ [ i 

4. Pounds of fluid per min. per ton re- 

frigeration 

5. Specific volume of vapor in refrigerator 

6. Displacement per min. per ton cu. ft 

7. Mean effective pressure, lbs. per sq. in.. 

8. Tlicoretical horsepower per ton of re- 

frigeration 


NH, 

CO, 

S(b 

CCbF, 

cH.cr 

613,3 

102.1 

183.49 

78.8 

\%<) 

13H.‘> 

45.45 

42,12 

27.8 

46 67 

474.4 

56.65 

141.37 

51.0 

150.2 

0.422 

3.53 

1.41 

3.9 

1 52 

8,15 

0.2673 

6.42 

1.48 

4.47 

3.43 

0.942 

9.05 

5.8 

60 

66.0 

435.0 

24.4 

40.3 

36.8 

0.989 

1.78 

0.964 

0.996 

l).9i>5 


shown by hne No. 8. It will be noted that the horscp.nver per tun of 
refngcration IS nearly the same for most of the lluids, while that for 
carbon dioxide is quite lugh. Generally speaking, the horsei>ower per 
ion of refrigeration should be constant under a given set of conditi. ns 
regardless of the fluid used. The exact reason for carbon dioxi.le re- 
quiring so much power is not dearly understood, hut no <loul)i must 
be in some part due to the high pressures of carbon dioxide. 

Aqua Ammonla.^AIxsorption refrigerating machines using a soiu- 
Uon o ammonia and water arc of considerable importance. This 
method o producing refrigeration is used in many plants at present 

n achl''- understand the principles 'of operation of the 

machine it is necessary to have a good working knowledge of the prop- 
erties of solutions of ammonia and water. The properties of aqua aiu- 
monia have been investigated by Starr. Molhcr, Macintirc and others 
A solution of 30 per cent by weight ammonia (and 70 per cent l)v 
weight water) is termed 30 per cent concentration. The lempcraturc 
at which a so utum of the liquor of a given concentration wil^bo ^ 
|<ends upon the pre.ssurc. Increasing the pressures raises ibr. i r 
point in the .same proportion. The temperatures -it whirl ti^ h'uling 

will boil depend upon the concentration when the' pressure ircons"'iii” 
crtics of aqua ammonia for ordinary ranges of vaUmT^Tr*' f'"" 
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Properties of Brines.— In some types of refrigerating plants, it is 
desirable to place the evaporating coils in a brine solution, and then 
pump the cold brine through coils located in the rooms or space to be 
cooled. The brine solutions arc made by dissolving some common salt, 
such as sodium chloride or calcium chloride in water. The addition of 
a solid to a liquid lowers its freezing point. The amount of salt to be 
added to the water depends upon the freezing temperature of the brine 
that is desired. The freezing temperature of the brines should be at 
least 5^ to 10° F. below the lowest ammonia temperature used. The 
physical properties of calcium chloride brine are shown by Table 20, 
and the properties of common salt brine, or sodium chloride brine are 
shown by Table 21. 

An inspection of the freezing temperature of these brines will show 
that calcium chloride brine should be used for low temperature work, 
and that either calcium or sodium chloride brines may be used for 
high temperature refrigerating work. The cost of calcium chloride is 
higher than that of common salt but this disadvantage is partially off- 
set by the fact that approximately 25 per cent less weight of calcium 
chloride is required. 


QUESTIONS ON CHAPTER III. 

1. What is the function of a refrigerant? 

2. What is the advantage of using a liquefiable fluid? 

3. Explain how the working pressures affect the selection of a 
suitable refrigerant. 

4. How do the various temperatures affect the selection? 

5. State briefly the relation of the principal properties of vapors 
and gases. 

6. State some of the reasons for the large use of ammonia as a re- 
frigerant. . . 

7. Why are such refrigerants as Freon 12, sulphur dioxide, an 
methyl chloride used in the smaller machines such as the domestic 
type? 

8. Discuss the use of brines for transmitting refrigeration. ^ 

9. In what applications of refrigeration is air used to transmit re- 
frigeration? ^ . r . 

10. State the relation of the principal properties of a solution of am- 
monia and water. 
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Table 6.— Saturated Ammonia: Temi'eraturf. Table. 



Prc&suie. 

Volume 

vapor. 

iVlih. 

V 

Deositf 

vapor. 

Ibs./iM 

uv 

Ueat coQtept. 

LateoC 

beat. 

BtuAb. 

L 

Eplropf. 

Temp. 

•F. 

r 

Temp. ? 
•F. 

t 

absolute. 

Ibs./iDJ 

p 


Liquid. 

Btu.Ab. 

h 


Liquid. 

1 

1 

a 

Vapor. 

Dlu^b/F. 

5 

-60 

-59 

-68 

-67 

-5G 

-66 

-64 

-53 

-52 

-61 

-50 

-49 

-48 

-47 

-46 

-45 

-44 

-43 

-42 

-41 

-40 

-39 

-38 

-37 

-30 

-85 

-34 

-33 

-32 

-31 

-80 

-29 

-28 

-27 

-26 

-85 

-24 

-23 

-22 

-21 

-80 

-19 

-18 

-17 

-16 

-15 

-14 

-13 

-12 

-11 

-10 

e Ikak* 

6. 55 

6.74 
5.93 

6. 13 
6.33 

6.54 

6.75 
6.97 
7.20 
7.43 

7.67 
7.91 
8. 16 
8.42 

8.68 

8.95 
9.23 
9. 51 

9.81 ' 
10. 10 

10.41 
10. 72 

11.04 
11.37 

11.71 

12.05 

12.41 
12.77 
13. 14 
13.52 

13.90 

14.30 

14.71 
15.12 
16.65 

15.98 

16.42 
16.88 

17.34 

17.81 

18.30 
18. 79 

19. 30 

19.81 

20.34 

20.88 

21.43 

21.99 
22.56 
23.16 

23.74 

*18.6 

*18.2 

*17.8 

*17.4 

*17.0 

*16.6 

*16.2 

•15.7 

*15.3 

*14.8 

*14.3 

•13.8 

*13.3 

*12.8 

*12.2 

*11.7 

*11.1 

*10.6 

•10.0 

*9.3 

*8.7 

*8.1 

*7.4 

•6.8 

•6.1 

*5.4 

*4.7 

*3.9 

*3.2 

•2.4 

•1.6 

•0.8 

0.0 

0.4 

0.8 

1.3 

1.7 

2.2 

2.6 

3.1 

3.6 

4.1 

4.6 

6.1 

6.6 

6.2 

6.7 

7.8 

7.9 
8.6 

9.0 

M t--* — 

44.73 

43.37 

42.05 
40.79 
39.56 

4 

38. 38 

37.24 
36.15 

35.09 

34.06 

33.08 
32.12 
31.20 

30. 31 
29.45 

28.62 

27.82 

27.04 

26.29 

25.66 

24.86 

24.18 

23. 53 
22.89 
22.27 

21.68 

21.10 

20. 54 
20.00 

19. 48 

18. 97 

18. 48 
18.00 

17.54 

17.09 

16.66 

16.24 

15.83 
15.43 

15.05 

14.68 

14.32 

13.97 
13.62 

13.29 

12.97 
12.66 
12.36 

12.06 
11.78 

11.50 

0. 02235 
. 02306 
.02378 
. 02452 
.02528 

0. 02605 
.02085 
. 02766 
. 028.50 
. 0293C 

0. 03023 
.03113 
. 03205 
. 03299 
. 03395 

0. 03491 
.03595 
. 03C98 
.03804 
.03912 

0. 04022 
.04135 
.04251 
. 04369 
.04489 

0. 04613 
.04739 
. 04SC8 
.04999 
.05134 

0. 05271 
.05411 
.05555 
.05701 
.05850 

0.06003 

.00158 

.06317 

.00479 

.00644 

0.06813 
.00985 
.07161 
.07340 
. 07522 

0.07709 

.07898 

.08092 

.08289 

.08490 

0. 0SC95 

-21.2 
-20.1 
-19.1 
-18.0 
; -17.0 

-15.9 

-14.8 

-13.8 

-12.7 

-11.7 

-10.6 

-9.6 

-8.5 

-7.4 

-6.4 

-5.3 

-4.3 

-3.2 

-2.1 

-1.1 

0.0 

1.1 

2.1 

3.2 

4.3 

5.3 

6.4 

7.4 

8.5 

9.6 

10.7 

11.7 

12.8 

13.9 

14.9 

16.0 

17.1 

18.1 

19.2 

20.3 

21.4 

22.4 

23.5 

24.6 

25.6 

26.7 

27.8 

28.9 

30.0 

31.0 

32.1 

589.6 

590.0 

590.4 

590.8 
591.2 

591. G 

592.1 

592.4 

592.9 

593.2 

593.7 

594.0 

594.4 

594.9 

595.2 

595.0 

596.0 

596.4 

590.8 

597.2 

597.6 

598.0 

598.3 

508.7 

599.1 

599.5 

599.9 

600.2 

600.6 
601.0 

601.4 

601.7 
602.1 

602.5 

602.8 

603.2 
603. G 

603.9 
6(M.3 

604.6 

605.0 

605.3 

605.7 

606.1 

606.4 

6M.7 

COf.l 

607.5 

607.8 
608.1 

608.5 

610.8 

610.1 

609.5 
60S. 8 
608.2 

607.5 

606.9 
606. 2 

605.6 

604.9 

G04.3 

603.6 
C02.9 

602.3 

601.6 

GOO. 9 

600.3 

599.6 

598.9 

598.3 

597.6 

590.9 

596.2 

595.5 

594.8 

594.2 

593.5 

592.8 

592.1 

591.4 

590.7 

590.0 

589.3 

588.6 

587.9 

587.2 

580.5 

585.8 

585.1 

584.3 

583.6 

582.9 

582.2 

551.5 

580.8 

560.0 

579.3 

678.6 

677.8 

577.1 

576.4 

-0. 0517 
-.0490 
-.0464 
-.0438 
-.0412 

-0.0386 

.0300 

-.0334 

-.0307 

-.0231 

-0.0250 

-.0230 

-.0204 

-.0179 

-.0153 

-0.0127 

-.0102 

-.0076 

-.0051 

-.0025 

0.0000 
. 0025 
.0051 
.0076 
.0101 

0.012G 

.0151 

.0170 

.0201 

.0226 

0. 0250 
.0275 
.0300 
.0325 
.0350 

0. 0374 
.0399 
.0423 
. 04-18 
.0472 

0.0497 

.a521 

.0545 

.0570 

.0594 

0.0618 

.0642 

.0666 

.0690 

.0714 

0. 0738 

1.47G9 

.•4741 

.4713 

.4U8G 

.4058 

1.4631 
.4004 
. 4577 
.4551 
.4524 

1.4107 

.4471 

.4445 

.4410 

.4393 

1.43C8 
. 4342 
.4317 
.4292 
.4267 

1.4242 

.4217 

.4193 

.4109 

.4144 

1.4120 

.4090 

.4072 

.4048 

.4025 

1.4001 

.3978 

.3955 

.3932 

.3909 

1.3880 

.3803 

.3840 

.3818 

.3790 

1.3774 

.3752 

.3729 

.3708 

.3086 

1.3664 

.3643 

.3621 

*3000 

.3679 

1.3558 

-60 

-59 

-68 

-57 

-56 

-55 

-51 

-53 

-52 

-51 

-50 

—19 

—18 

—17 

-46 

-45 

-41 

-43 

-42 

-41 

-40 

-39 

-38 

-37 

“36 

-35 

-34 

-33 

-32 

-31 

-30 

-29 

-28 

-27 

-26 

-25 

-24 

-23 

-22 

-21 

-20 

-19 

-18 

-17 

-16 

-16 

-14 

-13 

-12 

-11 

-10 


'lacbMofBHrwryMowoMiiMdard tUDojpbtre (29.92 in.). 








PRINCIPLES OF REFRIGERATION 


Tahi.f. Cl. — Continued — Satcratfh Ammonia: TKMl-F.kATi'RE Tabi.e 


Temp. 

•F. 


Presaare. 


Absolute. 


Oeee. 


Volume 

vapor. 

flVlb. 


Oeoeitj 

vapor. 


HeuI conteDt. 


Loieot 


Pot ropy. 


Liouid. Vapor. hdiX. Liquid. ^ Vapor 
Btu.Ab. Biu./lb. Blu-db. Blu ql>. F. BtuVib. 


Temp. 

*F. 



23. 74 
24 35 

24. 97 
I 25. 61 

26. 20 

20. 92 
27.59 
28. 28 

28. 98 
29. 09 

30.42 

31.16 

31.92 

32. 09 
I 33. 47 

34. 27 

35. 09 

35. 92 
36. 77 
37. 63 

38. 51 
39. 40 
40. 31 
41. 24 

42. 18 

43. 14 

44. 12 

46. 12 

46. 19 
47. 16 

48. 21 

49. 28 
50. 36 
51. 47 

52. 59 

53.73 

54.90 
56.08 

57. 28 
58.50 

59.74 
61.00 

62. 29 

63. 59 

64. 91 

66. 26 
67. 63 
69. 02 
70. 43 
71. 87 

73.32 


9.0 

9.7 

10.3 

10.9 

11.6 

12.2 

12.9 
13.6 

14.3 


11.50 
11.23 
10. 97 
10.71 
10.47 

10. 23 
9.991 
9. 763 
9.541 
9. 326 

9.116 
8. 912 
8. 714 
8.521 
8. 333 

8. ISO 
9 


0. 08695 


48.9 

50.2 

51.6 

52.9 

54.3 

55.7 


0. 09780 





32. 1 1 608. 5 
6 


610.5 

.8 


2.9 611.8 
6 
6 


50.5 I 613.9 


8 , 

9 6 


8 618. 

9 618.3 

8.0 6 




619.7 
619.9 
620.2 

620.5 

8 620. 7 

9 621. 0 

79.0 621.2 

80. 1 621. 5 

81. 2 621. 7 

82. 3 622. 0 539. 7 

83.4 622.2 538.8 

84. 6 622. 5 537. 9 

85.7 622.7 537.0 

536. 2 


86. 8 623. 


1.3.558 

,3537 

.3516 

.3495 

.3474 

1. 3454 
.3433 
.3413 








.2843 

.2825 

.2808 

1.2790 

.2773 

.2755 

.2738 

.2721 

1. 2704 
.2686 
.2669 
.2652 
.2635 

1,2618 
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Table 6. — Continued — S atukateh Ammonia; Tkmi'kkati he Tabi.e. 


Pressure. 





73. 32 
74.80 
76. 31 
77.83 
79. 38 

80.96 
82. 55 

84. 18 
85.82 
87.49 

89. 19 
90. 

92. 66 
94. 43 
96.23 

98. 06 
99. 91 
101.8 
3.7 
5.6 






3. 

5. 
47.9 

60.5 

63.0 

65.6 
58.3 

61.0 

63.7 


58.6 
60.1 

61.6 
63.1 
64.7 

66.3 

67.9 

69.5 


83.4 

85.2 

87.1 

89.0 

90.9 

92.9 

94.9 

96.9 

98.9 


Volume Deoslt; 
vapor. vapor. 
ft.fAb. lb8.;it.« 



18.7 
21.0 
23.4 

25.8 
28.3 




33.2 
35.8 

38.3 


3.971 
3. 897 
3. 823 
3. 752 
3. 682 

3.614 
3. 547 
3. 481 
3.418 
3.355 

3. 294 
3. 234 


iMiai 


3.119 

3.063 

3. 008 
2.9.54 
2.902 
2. 851 
2. 800 

2. 751 
2. 703 
2.656 
2.610 
2. 565 

2. 520 
2.477 
2. 435 
2. 393 
2.352 

2.312 
2. 273 
2. 235 
2. 197 
2.161 

2. 125 
2. 089 
2. 055 
2.021 
1.088 

1.95 S 
1.923 
1.892 
1. 861 
1. 831 


IIV 


0. 2518 
.2566 
.2616 
.2665 
.2716 

0. 2767 
.2819 
.2872 
.2926 
.2981 

0. 3036 
.3092 
.3149 
.3207 
.3265 

0. 3325 
.3385 
.3446 
.3508 
.3571 

0.3635 

.3700 

.3765 

.3832 

.3899 

0. 3968 
.4037 
.4108 
.4179 
.4251 

0. 4325 
.4399 
.4474 
.4551 
.4628 

0. 4707 
.4786 
.4867 
.4949 
.5031 

0. 5116 
.5200 
.6287 
.5374 
.6462 


Deal coDteot. 

U<}uid. 

Vapor. 


Btu./lb. 

h 

1 ^ 

k 


Entropy. 


Latent 


86.8 

87.9 

89.0 


91.2 

92.3 
93.5 


95 
96.8 


r 


623.0 
623.2 

623.4 

623.7 
623.9 

624.1 

624. 4 
624. 6 

624.8 
625.0 

625.2 

625.5 


626.5 

8 626.7 

9 626. 9 
1 627. 1 

9. 2 627. 3 
627. 5 



1.801 0,5552 



629.1 

629.3 

629.4 

629.6 

629.8 

629.9 

630.1 

630.2 

630.4 

630.5 

630.7 

630.8 

631. 0 

631.1 

631.3 

631.4 



Linuid. 


536.2 

535.3 

534.4 

533.6 

532.7 

531.8 

530.9 

530.0 

529.1 

528.2 

527.3 

526.4 




524.6 

523.7 

522.8 

521.8 

520.9 

520.0 

519.0 

518.1 

517.2 

516.2 

515.3 

514.3 

513.4 

512.4 

511.5 

510.5 

509.5 

508.6 

507.6 

506. 6 
6 

504. 



Temp. 

•F. 











































I 


I 


Pressure. 


i 


)5 

86 

87 

88 


89 



AbaoluU. 


166.4 

169.2 

172.0 
174.8 
177.7 

180.6 

182.6 

186.6 

189.6 

192.7 

195.8 

198.9 

202.1 

205.3 
208.6 

211.9 

215.2 
218.6 
222.0 

225.4 

228.9 

232.5 

236.0 

239.7 

243.3 

247.0 

250.8 

254.5 

258.4 
262.2 

266.2 

270.1 

274.1 

278.2 

282.3 

286.4 

290.6 

294.8 
299.1 

303.4 


Volume Density 
vapor. vapor. 
ft.I/lb. Ib8./ft.> 


200.5 
203.9 
207.3 

210.7 

214.2 

217.8 

221.3 

225.0 
228. C 

232.3 

236.1 

239.8 
243.7 

247.5 

251.5 

255.4 

259.4 

263.5 

267.6 

271.7 

275.9 

280.1 
284.4 

288.7 


1.801 
1.772 
1.744 
1.716 
688 

1.661 
1.635 
609 
1.584 
1,559 

1.534 

1.510 

1.487 

1.464 

1.441 

1.419 

1.397 

1.375 

1.354 

1.334 

1.313 

1.293 

1.274 

1.254 

1.235 

1.217 

1.198 

1.180 

1.163 

1.145 

1.128 

1.112 

1.095 

1.079 

1.063 

1.047 

1.032 

1.017 

1.002 

0.987 


nv 


0. 5552 
.5643 
.5735 
.5828 
.6923 

0.6019 
.6116 
2 
3 

5 


1 

Heatcooteot. 

Ll<iuSde 

Vapor. 

Btu./lb. 

BtQ./)b. 

h 

E 


EotTO 


Uaold. 


8600 

8730 

8862 

8996 

9132 

9269 

9408 


807.8 293.1 0.973 


631.4 

631.5 

631.7 

631.8 

631.9 

632.0 

632.1 

632.2 

632.3 

48.2 632.5 

49.4 632.6 

50. 5 632. 6 
51.7 632.8 

52. 9 632. 9 

54. 0 632. 9 

55. 2 633. 0 
56. 4 633. 1 

57.6 633.2 

58.7 633.3 

59.9 633.4 

61.1 633.4 

633.5 

633.6 

633.6 

633.7 

633.7 

633.8 

633.8 

633.9 
8 I 633.9 


.2 63 
5.4 63 
6.6 63 
8 

' 634. 
2 I 634. 
634. 
634. 
634. 


93.6 

92.6 

491.6 

490.6 

489.5 

488.5 

487.4 

486.4 
485.3 

484.8 

483.2 

482.1 

481.1 

480.0 

478.9 

477.8 

476.7 

475.6 

474.6 

473.5 

472.3 

471.2 

470.1 

469.0 

467.9 

466.7 

465.6 

464.4 

463.3 

462.1 

460.9 

459.8 

458.6 

457.4 

456.2 

455. G 

453.8 

452.6 

451.4 
450.1 

448.9 



0. 2854 1. 1918 
,2875 .1904 

.2895 .1889 

.2917 .1875 

.2937 .1860 


0. 2958 
.2979 
.3000 
.3021 
.3041 

0.3062 

.3083 

.3104 

.3125 

.3145 

0. 3166 
.3187 
.3207 
.3228 
.3248 

0.3269 

.3289 

.3310 

.3330 

.3351 

0.3372 

.3392 

.3413 

.3433 

.3453 

0.3474 

.3495 

.3515 

.3535 

.3556 

0.3576 

.3597 

.3618 

.3638 

.3659 

0.3679 


1.1846 

.1832 

.1818 

.1804 

.1789 

1.1775 

.1761 

.1747 

.1733 

.1719 

1. 1705 
.1691 
.1677 
.1663 
.1649 

1.1635 

.1621 

.1607 

.1593 

.1580 

1.1666 

.1552 

.1538 

.1524 

.1510 

1. 1497 
.1483 
.1469 
.1455 
.1441 

1.1427 

.1414 

.1400 

.1386 

.1372 

1.1358 





100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

126 


9 
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Table 7. — Bureau of Standards Tables of Properties oi 
Saturated Ammonia: Absolute Prf.ssurf. Table, 






8 e*( raoUat. 


Fotropir 



‘F. 

V«bUM 

I>«DaUr 

I.UiqJJ, 
OU) Ab. 


U»(aat 

1 

1 


Pnssuia 


TttICif. 

ItflO. 


Vtper. 

BtixAb. 

bcftl. 

Dtu./lb. 

UqoM. 

BCuJlb.'r. 

E«ap. 1 

v*r«cr. 

(•I'l.K 

IWiiB.* 

P 

1 

V 

l/V 

A 

n 

L 

f 

/•IT 

S 

p 

4.0 

•63.11 

49.31 

0. 02029 

-24,6 

488.3 

412.8 

-0. 0499 

1.61 50 

1-4&67 

4 0 

6 .S 

-CO. 27 

44. 11 

.02217 

-21 4 

689.6 

611 0 

- .0624 

.5;iQi 

.4777 

4.6 

6.0 

-47.64 

41.49 

.02406 

-18.7 

490.0 

609.3 

- .0455 

.6148 

-4703 

0 U 

6 .S 

-66. 16 

31.69 

.02491 

-16.1 

491 6 

€07.7 

- .0390 

.5024 

.4'>3S 

e .6 

7.0 

-6218 

3101 

.02777 

-137 

6914 

000.2 

- .0330 

.4904 

.4674 

7.0 

7.4 

-50. 70 

33. 77 

0.029C2 

-11.3 

493.4 

€01.7 

-0.0274 

1.4790 

1. 4516 

7 5 

$.0 

-4161 

31.79 

.03146 

-92 

694 2 

603.4 

- .0221 

.4083 

.4402 

8.0 

14 

-46 C9 

30 04 

.03.329 

-7.1 

695.0 

602. 1 

- .0171 

.4582 

.4411 

8 . 5 

• 0 

-4183 

26.48 

.03411 

- 4.1 

696.7 

€ 00.8 

- .0123 

.4466 

.4343 

9.0 

0.4 

-43.04 ' 

27. 08 

.03C93 

- 3.2 

696.4 

499.6 

- .0077 

.4396 

.4319 

9.4 

10.0 

-41.34 

26 81 

0 03874 ' 

- 1.4 

697. 1 

598.4 

-0.0034 

1.4310 

L4278 

to 0 

10.4 

-39 71 

24 W 

.04066 

4 . 0 3 

697,7 

497.4 

+ .0007 

.4228 

.4216 

10 5 

no 

-31 14 

01 

.04234 

2 0 

498 3 

690.3 

,0047 

.4149 

.4196 

11.0 

n .4 

-36. 02 

22 14 

.04414 

3 6 

598 9 

696.3 

. 00 h 6 

.4074 

.4169 

11 6 

110 

-36. 16 

21. 77 

.04493 

4. 1 

499 4 

6M.3 

.0122 

.4002 

4124 

12.0 

116 

-33.74 

20.90 

0.04772 

C 7 

GOO 0 

493-3 

0.0147 

1.3933 

1.4090 

12.6 

13 0 

-32 37 

20.20 

.04960 

8 1 

GOO 5 

692 4 

.0191 

.3«€8 

. 40.47 

13. 0 

13. S 

-31.04 

10.40 

.06128 

9 6 

CO] 0 

691.4 

.0226 

.3»H 

. 4026 

13.4 

14.0 

-29. 76 

18 86 

.06306 

10.9 

C0I.4 

690.4 

.0257 

.3739 

.3990 

14 0 

14.4 

-2161 

1124 

.06482 

132 

C01.9 

669.7 

.0288 

.3079 

.3907 

R 6 

14.0 

-27. 29 

17. 07 

0.06668 

13.0 

C02 4 

688 8 

0.0318 

1.3C20 

1.3918 

14 0 

14.6 

- 20 . U 

17. U 

.06834 

14 8 

602.8 

4HK . 0 

.0317 

.3604 

.3911 

14 4 

16.0 

-24. 9.6 

10 64 

ocoio 

16.0 

603 2 

687.2 

.0376 

.341(1 

.3884 

10 0 

10.4 

-23 » 

16 17 

.06186 

17.2 

€03.6 

680 4 

.0403 

.3440 

- 3V,9 

10.4 

110 

-22. 73 

16.72 

.00301 

16.4 

COlO 

644.6 

.0130 

.3404 

.3836 

17.0 

13.6 

- 21 . CC 

16.30 

0.06536 

19.6 

C04 4 

644.8 

0.0440 

1.3344 

1. 3810 

17. 6 

11 0 

- 20.01 

J4 90 

.66710 

20.7 

604 6 

684. 1 

.0482 

.3304 

.3787 

18 0 

116 

-19.69 

14.63 

.00884 

21.6 

60.4 1 

483.3 

.0507 

.3248 

.3704 

|M 5 

19.0 

-11 68 

14. 17 

.07068 

22.9 

606 4 

482.6 

.0631 

.3211 

.3742 

19 0 

19.4 

-17.00 

13 83 

.07232 

23.9 

006.8 

68L9 

.0464 

.3100 

.3721 

19 S 

90.0 

-JC.61 

13.40 

0. 07406 

25 0 

€06 2 

481.2 

0. 0678 

1.3122 

1. .1700 

20.0 

20. 4 

- 16. 70 

13.20 

.07678 

26 0 

006 4 

680.4 

.OCOI 

.3078 

. 3479 

2t> 4 

21.0 

- 11 78 

12 90 

.07741 

27.0 

G06 8 

679.8 

.0C23 

. 30:1 Q 

. 3G.'j9 

21 . 0 

21.6 

-11 87 

12 . €2 

.07924 

27,9 

607. 1 

579.2 

.0fH4 

.2995 

. 3WO 

21 5 

22.0 

-11 98 

i^:i 6 

.08096 

28.9 

607.4 

678.6 

.0668 

.2965 

.3021 

22 0 

22 6 

- 12.11 

12 09 

0.08208 

29.8 

607.7 

577.9 

0.0687. 

1.291S 

1.3G02 

32. 6 

23.0 

-11 26 

U.H 6 

.08440 

30.8 

608. 1 

477.3 

.0708 

.2876 

.3684 

23 0 

23.6 

-10.41 

11.61 

.08612 

31.7 

60&3 

670.6 

.0728 

.2818 

.3600 

23. 6 

210 

-9.48 

11.39 

.08783 

33 6 

€OK. 6 

47C.0 

.0748 

.2801 

.3649 

24. 0 

216 

- 176 

11. 17 

.08966 

33.6 

608.9 

474.4 

.0708 

.27G4 

.3432 

24.4 

26.0 

- 7.96 

10.96 

0.09126 

34.3 

609. 1 

474.8 

0.0787 

1. 2728 

L3514 

24 0 

26. 6 

- 7.17 

10.76 

.09297 

36.2 

609.4 

474.2 

.0806 

. 2693 

.3498 

24 S 

21 0 

- 139 

10.66 

.00468 

36.0 

609,7 

4717 

.0824 

.2668 

34H2 


21 6 

-4.63 

10.38 

.09038 

36.8 

U>9 V 

471 1 

.0842 

.2»>23 

.3407 

• V w 

27,0 

- 187 

10 2D 

.09809 

37.7 

610.2 

4716 


.2691 

.3451 

27.0 

27.6 

210 

214 

29.0 

29.6 

Mill 

10.02 
9.84: 
9 69 
9.4» 
9.31 

0.09979 
1 . 1014 

1 . 1032 

1 . 1049 

3 . 1066 

98.4 

39.3 

40.0 

40.8 

4L6 

CIO 4 
610.7 
610.9 

on. 1 

611.4 

572 0 
671.4 
470.9 
470 3 
409.8 

0 0876 
.0895 
.0912 
.0929 
.0944 

0 0902 , 

1.2448 

.2526 

.2494 

.2403 

.2433 

1.2402 

1.3430 

.3421 

.:wo 

.3392 

27.6 

28.0 

28.4 

29 0 

20 0 

|- 0.47 

9.23^ 

s{ 0. 1083 

42 3 

011.6 

409.3 

• 

1.3301 1 

29. 6 

30 0 
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PRINCIPLES OF REFRIGERATION 


Jabi.e 7.— Bureau of Stanoarus Tables of Pkopertif.s of 
Saturatkii Ammonia; Absolute Pressure Table— (C untiimcd.) 


<»bi) 

lU./lA.* 

V 

Temp. 

t 

VdUiD« 

tkpor. 

n.^i^ 

V 

Vtsity 

*»por. 
Ito.ilt 1 

II V 

Dttt 

hmt. 
Btu Ab . 

L 

EaU«pj. 

p 

A 

VftpAT. 

Blu Ab . 

H 

UqoM. 

Blwiflb-T- 

1 

LIT 

V^por. 

5 

30 

- 0.67 

9 . 23 C 

0. 1083 

42.3 

611.6 

5 G 9.3 

0.0962 

1.2402 

1.3364 

80 

31 

+ 0.79 

3 966 

.1117 

43 3 

612.0 

563.2 

.0993 

.2343 

.3336 

31 

33 

Ml 

3.693 

.1150 

45.2 

612.4 

567.2 

.1024 

. 223 $ 

.8310 

32 

33 

3.40 

8.445 

.1184 

46.6 

612.8 

566.2 

.1055 

.2230 

.3285 

33 

34 

4.66 

8.211 

.1218 

48.0 

613.2 

565.2 

.1084 

.2176 

.$260 

$4 

83 

6.39 

7.991 

0. 1261 

49.3 

613 C 

664.3 

0.1113 

1.2123 

1.3236 

35 

33 

7.09 

7.782 

.1235 

60.6 

614.0 

563.4 

.1141 

.2072 

.3213 

36 

37 

3.27 

7.534 

.1319 

61.9 

$ 14.3 

562.4 

.1163 

.2022 

.3190 

37 

33 

9.42 

7.396 

.1362 

53.2 

614.7 

661.5 

.1195 

.1973 

.3163 

33 

33 

10.56 

7.217 

.1386 

54.4 

615.0 

560.6 

.1221 

.1925 

.3146 

39 

40 

n .66 

7.047 

0.1419 

56.6 

615.4 

559.3 

0.1246 

1.1879 

1.3125 

40 

41 

12.74 

6.885 

.1452 

66.3 

615.7 

558.0 

.1271 

.1333 

.3104 

41 

42 

13.31 

6.731 

. I 486 

67.9 

616.0 

558.1 

.1296 

.1738 

.3084 

42 

43 

14.36 

6.583 

.1519 

59.1 

616.3 

557.2 

.1320 

.1745 

.3065 

43 

44 

15.33 

6.442 

.1662 

60.2 

616.6 

556.4 

.1343 

.1703 

.3046 

44 

43 

16.33 

6.307 

0.1566 

61.3 

616.9 

555.6 

0. 1366 

1.1661 

1.8027 

65 

46 

17.87 

6.177 

.1619 

62.4 

, 617.2 

554.8 

.1339 

.1620 

.3009 

46 

47 

13.34 

6.053 

.1652 

$ 3.4 

617.4 

554.0 

.1411 

.1580 

.2991 

47 

43 

19.30 

6.934 

.) e $5 

64.6 

617,7 

553.2 

.1433 

.1540 

.2973 

48 

40 

20.74 

6.820 

.1713 

66.6 

$ 18.0 

552.5 

.1454 

.1502 

.2966 

49 

k 

60 

21.67 

6.710 

0.1751 

66.5 

618.2 

551.7 

0.1475 

1.1464 

1.2039 

60 

61 

22.68 

6.604 

.1735 

67.6 

618.5 

651 . 0 . 

.1496 

.1427 

.2923 

51 

62 

23.43 

6.502 

.1813 

63.6 

618.7 

550.2 

.1516 

.1300 

.2006 

52 

0 A 

63 

24.36 

6.404 

.1351 

69.6 

619.0 

549.5 

.1536 

.1354 

^.2800 

63 

M 

26.23 

6.309 

.1334 ' 

70.4 

619.2 

648.8 

.1556 

.1310 

s 2675 

64 

66 

26.09 

6.218 

0.1917 

71.4 

610.4 

548.0 

0.1575 

1.1284 

1.2850 

65 

66 

26.94 

6.129 

.1950 

72.3 

619.7 

547.4 

.1594 

.1250 

.2844 

56 

67 

27.77 

6.044 

.1933 

73.3 

619.0 

546.6 

.1613 

.1217 

.2330 

57 

63 

23. 69 

4.962 

.2015 

74.2 

620.1 

6 ^ 5.9 

.1631 

.1134 

.2615 

58 

69 

29.41 

4.882 

.2043 

' 76.0 

620.3 

645.3 

.1650 

..1151 

.2801 

50 

60 

30.21 

4.605 

0.2081 

76.9 

620.6 

544.6 

0.1663 

1 . 1 U 9 

J .2737 

60 

61 

31.00 

4-730 

.2114 

76.8 

620.7 

543.9 

.1635 

.1038 

.2773 

61 

62 

31.78 

4.658 

.2147 

77.7 

620.0 

543.2 

. 170 $ 

.1056 

.2750 

62 

63 

32.66 

4 588 

.2130 

78.6 

621.1 

642.6 

.1720 

.1026 

..2746 

63 

64 

33.31 

4.519 

.2213 

79.4 

621.3 

541.9 

.1737 

.0996 

.2733 

64 

66 

$ 4.06 

4.453 

0.2245 

30.2 

621.5 

541.3 

0.1754 

1.0966 

1.2720 

65 

66 

34.31 

4.389 

.2278 

81.0 

621.7 

540.7 

,1770 

.0937 

.2707 

66 

67 

36.54 

4. 327 

.2311 

81.3 

621.0 

540.1 

.1737 

.0907 

.2604 

67 

63 

36.27 

4 267 

.2344 

32.6 

622.0 

539.4 

.1803 

.0879 

.2682 

68 

69 

36.99 

4.206 

.2377 

83.4 

622.2 

538.3 

.1319 

.0851 

.2670 

60 

TO 

37.70 

4.151 

0.2409 

84.2 

622.4 

538.2 

0.1835 

1.0623 

1.2658 

70 

71 

38.40 

4.095 

.2442 

35.0 

622.6 

537.6 

.1350 

.0795 

.2645 

71 

72 

39.09 

4.041 

.2475 

86.3 

622.8 

537.0 

.1866 

.0763 

.2634 

72 

73 

39.78 

3.988 

.2507 

86.6 

622.9 

636.4 

.1831 

.0741 

.2622 

73 

74 

40. 46 

3.937 

.2540 

87.3 

623.1 

535.8 

.1806 

.0715 

.2611 

74 

76 

41.13 

3. 887 

0.2673 

88.0 

623.2 

535.2 

0.1910 

1.0689 

1.2599 

75 

76 

41.30 

3 . 333 

.2606 

83 8 

623.4 

534.6 

.1925 

.0663 

.2588 

76 

77 

42.46 

3. 790 

.2638 

89.5 

623.5 

534.0 

.1940 

.0637 

.2577 

77 

78 

43.11 

3.744 

.2671 

90.2 

623.7 

533.5 

.1954 

.0612 

.2566 

78 

79 

43.76 

3.699 

.2704 

90.9 

623.3 

532.9 

.1968 

.0567 

^2655 

70 

80 

44.40 

S .655 

0. 2736 

91.7 

624.0 

532.3 

0.1982 

1.0563 

1.2545 

30 
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TaBI.E 7 . — BfRF.AU OF Staxd.vrus Tapi.ks ok I’rOI’FHTIKS ok 
.Saturateii .\mmoxia: .^iisoi.ute Pressure Tahi e,— ( C oiuimad ) 



Im.Ab * 



Volda* 
Tap. npor. 

•F. nvK. 


3.665 
3. 612 
3.570 
3.528 
3.488 

3.443 
3.411 
3. 373 
3 337 
3.301 

3.266 
3.231 
3. 198 
3. 165 
3. 132 

3. 101 
1070 
3.039 
3.010 
Z980 

2.952 
2.896 
2.513 
2 791 
2.741 

2 693 
2.647 
1602 
2.559 
2.617 

2.476 
2.437 
2 399 
2.362 
2.326 

2.291 
2.258 
2 225 
2 103 
2.162 

2 132 
Z 103 


2 047 


44.40 

45.03 

45.66 

46.28 

46.89 

47.60 

46 n 

48 7) 
49.30 

49.89 

50.47 

61.05 
61. 62 

82. 19 
62. 76 

63.32 

63.87 

5142 

64.97 

65.61 

66.05 
67. U 

58. 16 

59. 19 
60.21 

61.21 

62.20 

63.17 
64. 13 
C5 08 

€6 02 

66.94 
67.86 
68.70 
69 65 

70.53 

71.40 

72. 28 

73. II 

73. 95 

74. 79 

75.61 
76.42 
77.23 
78.03 

78.81 


DAdty 

Ttpor. 

f/y 

BmX d«Ual. 

1J^4. 

A 

Vipw. 

Btiult. 

H 

0.2736 

91.7 

624.0 

.2769 

92.4 

6241 

.2801 

93.1 

624 3 

.2834 

ns 

6244 

.2867 

H5 

6H6 

0.2699 

95.1 

6247 

.2932 

95.8 

624.8 

.2964 

96.5 

625.0 

.2997 

97.2 

625.1 

.3030 

97.8 

625.2 

0.3062 

98.4 

625.3 

.3095 

99. 1 

625.5 

.3127 

99.8 

625 6 

.3)60 

100.4 

625.7 

.3192 

101.0 

625.8 

0.3225 

101.6 

625.9 

.3268 

1013 

626 1 

.3290 

102.9 

626 2 

.3323 

103 5 

626 3 

.3355 

104.1 

626 4 

0.3388 

104.7 

626.5 

.3453 

105.9 

626 7 

.3518 

107. 1 

626.9 

.3583 

108 3 

627. 1 

.3648 

109.4 

627.3 

a 3713 

110.5 

627.5 

.3778 

1IL7 

627.7 

.3813 

112.8 

C27 9 


113.9 

628 1 

.3974 

U4.9 

: 6282 

0. 4039 1 

116.0 

628 4 

.4)04 

117 1 

628 6 

.4169 1 

118 1 

6287 

.4234 1 

119.1 

6289 

.4299 

120.1 

629.0 

0. 4364 

12). 1 

629 2 

.4429 

122. 1 

629.3 

.4494 

123. 1 

629.5 

.4559 

124.1 

629. 6 

.4624 

125.1 

629.8 

0.4690 

126.0 

629.9 

.4755 

126.9 

630.0 

.4820 

127.9 

630.2 

.4885 

128.8 


' .4951 

129.7 

630.4 

0.5016 

130.6 

G30.5 


Utcdt 

hmt. 


6313 

631.7 

531.2 

53a6 


529.6 
529 0 
52&5 

627.0 

527. 4 

526.9 
626 4 

525.8 

525.3 

524.8 

524.3 

523.8 

523.3 
5218 
6213 

521.8 

520.8 

519.8 

518.8 

517.9 

517.0 

516.0 

515. 1 
6112 

513.3 

5114 

511.5 
510 6 

609.8 

608.9 

608.1 
507.2 

506.4 
£05.5 
6017 

603.9 
603. 1 
5013 

501.5 



Eatnpj. 


E**p. 

D(u4b.*r 



0. 1982 
.1996 
.2010 
.2024 
.2037 

0.2051 

.2064 

.2077 


.2103 

0.2115 

.2128 

.2141 

.2153 

.2165 

0.2177 

.2190 

.2201 

.2213 

.2225 

0.2237 

.2260 

.2282 


.2327 

0. 1348 
.2369 
.2390 
.2411 
.243) 

0. 2452 
.2471 
.2491 
.2510 
.2529 

0.2548 

.2667 

.2585 

.2603 

.2621 

0.2638 

.2656 

.2673 

.2690 

.2707 

0 2724 


1.0563 
.0538 
.0514 
.04 
.0467 

1.0443 

.M20 

.0397 


.0352 

1.0330 

.0308 

.0286 

.0265 

.0243 

1.0222 

.0201 

.0181 

.0160 

.0140 

1.0)19 
.0079 
.0041 
1.0002 
0 9904 

0.9927 
9890 
.98:V4 
.9819 
.9784 

0 9749 
.9715 
.9682 
.9049 
.9616 


Ptmsun 


1. 2545 
.2534 
.2524 
.2514 
.2504 

1. 2494 
.2484 
.2474 
.2465 
.2455 

1.2445 
.2436 
.2427 
.2418 
.2408 

1.2399 
.2391 
.2382 
.2373 
.2366 

12356 
.2339 
.2323 
.2307 
.2291 

1.2275 
.2259 
.2244 
.2230 
.22)5 

1. 2201 
.2186 
.2173 
.2159 
.2145 

1 . 21.12 
.9552 .2119 

.9521 .2106 

. 9490 . 2093 

.9460 .2081 

0.9430 1.20r.8 
. 9400 . 2056 

.9371 .2044 

9342 .2032 

9313 .2020 

0 9285 1 2009 
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Table 7. — Bureau of Standards Tables of Properties of 
Saturated Ammonia: Absolute Pressure Table— (Concluded.) 


fmaan 
Ub* ). 


Tmp. 


160 

152 

IM 

156 

158 

leo 

162 

164 

166 

168 

120 

172 

174 

176 

178 

160 

162 

184 

186 

188 

100 

192 

194 

196 

198 

200 

205 

210 

215 

220 

225 

230 

235 

240 

245 

250 

255 

260 

26S 

270 

275 

260 

285 

290 

295 

800 


VotUOM 

Tmpor. 

nm. 

V 


7& 81 
79.60 
80.37 

81. 13 
8L89 

82.01 
83. 39 
84. 12 
84.85 
85. 57 

86.29 
87.00 

87.71 
88 40 
89. 10 

89. 78 

90.46 

91. 14 

91.80 

92. 47 

93. 13 
93. 78 

94.43 
95. 07 

95.71 

96.34 

97.90 

99.43 
100 94 

102.42 

103.87 

105.30 

106.71 
108 09 
109. 46 

110.80 
112.12 

113.42 

114.71 
115.97 

117.22 

11145 

119.66 

120.86 

122.05 

123.21 


tmpor. 

tiv 


994 
1 968 
1 943 
1. 919 
1.895 

1.872 
1. 849 
1.827 
I. 805 
1. 784 

1.764 
1. 744 
1. 724 
1.705 
1.686 

1. 667 
1.C49 
1.632 
1.614 
1.597 

1.581 

li564 

1.648 

L533 

1.517 

1.502 
1.466 
1. 431 
1. 398 
1.367 

L336 
L307 
1.279 
1. 253 
1.227 

1.202 
1.178 
1. 156 
1133 
1.112 

t091 

1.072 

1.052 

1.034 

L016 

0.999 


BmI eopCAi. 


Ll4tal4. 


0.6016 
.5081 
.5147 
.5212 
.6277 

0.5343 
.5408 
.5473 
.5539 
.5604 

0. 5670 
.5735 
.5801 
.5866 
.5932 

0. 5998 
.6063 
.6129 
.6195 
.6261 

0.6326 

.6392 

.6458 

.6524 

.6590 

0.6656 

.6821 

.6986 

.7152 

.7318 

0.7484 

.7650 

.7817 

.7981 

.8151 

0.8319 

.8487 

.8655 

.8824 

.8993 

0. 9162 
.9332 
.9502 
.9672 
«9843 


Vtpor. 

Bluvlb. 

IT 


130.6 

131.5 
132 4 
133.3 

134.2 

135.0 

135.9 
136 B 

137.6 
1314 

139.3 

140.1 

140.9 

141.7 

142.6 

143.3 

144.1 

144.8 

145 6 

146 4 

147.2 

147.9 
146 7 

149.6 
150. 2 

150 9 

152.7 

154.6 

156.3 
156 0 

159.7 

161.4 

163.1 

164.7 

166.4 

166 0 

169.5 

171. 1 

172.6 

174.1 

175.6 

177.1 
176 6 
180.0 
181.5 


l^lat 

bat. 


1.0015 182.9 


630.5 

630.6 

630.7 

630.9 

631.0 

631.1 
€31.2 

631.3 

631.4 

631.5 

631.6 
€31.7 
6317 
G31. 8 

631.9 

636 0 

632.1 

632.1 

632.2 

632.3 

636 4 

632.4 
632.8 
636 6 
636 6 

6367 

632.8 

633.0 

033.1 

633.2 

633.3 

633.4 

633.5 

633.6 

633.7 

633.8 

633.8 

633.9 
633.9 
633.9 

634.0 
€34.0 
634.0 
634.0 
6310 

6310 


6atrop7> 


499.9 
499 1 
498 3 
497.6 

496.8 

496.1 

495.3 

494.5 

493.8 

493.1 

492.3 

491.6 

490.8 

490.1 

489.4 

488.7 
488 0 
487.3 
486.6 

485.9 

485.2 

484.5 
483 8 

483.1 

486 4 

481.8 

480.1 
478 4 
478 8 

475.2 

473.6 


470.4 


455. 


451.1 





PrtMor* 

UqdO. 
Bto>t.*r. 9 

Evftp. 


V 

• 

LIT 

5 

0.2724 

0.9265 

L2009 

150 

• 2T40 

.9257 

.1997 

152 

.2756 

.9229 

.1985 

154 

.2772 

.9202 

.1974 

156 

.2788 

.9175 

.1983 

158 

0.2804 

0. 9148 

1.1952 

160 

.2820 

.9122 

.1942 

m 

.2835 

.9096 

.1931 

164 

.2850 

.9070 

.1920 

166 

.2866 

.9044 

.1910 

168 

0. 2861 

0.9019 

L1900 

170 

.2895 

.8994 

.1889 

172 

.2910 

.8969 

.1879 

174 

.2925 

.8944 

.1669 

178 

.2939 

.8920 

.1859 

178 

0.2954 

0.8696 

L1850 

160 

.2968 

.6872 

.1840 

182 

.2982 

.8848 

.1830 

184 

.2996 

.8825 

.1821 

186 

.3010 

.8801 

.1811 

188 

0.3024 

0. 8778 ' 

L1802 

190 

.3037 

.8765 

.1792 

192 

.3050 

.8733 

.1783 

194 

.3064 

.8710 

.1774 

196 

.3077 

.8688 

.1766 

198 

0.3090 

0. 8566 

1.1756 

900 

.3122 

.8612 

.1734 

205 

.3154 

.8559 

.1713 

210 

.3185 

.8507 

.1592 

215 

.3216 

.8455 

.1671 

220 

0. 3246 

0.8405 

1.1651 

285 

.3275 

.8356 

.1631 

230 

.3304 

.8307 

.1611 

235 

» .3332 

.8260 

.1592 

240 

; .3360 

.8213 

.1573 

245 

0.3388 

0.81^7 

tl565 

250 

.3415 

.8121 

.1536 


.3441 

.8077 

.1518 

260 

.3468 

.34H 

.8033 

.7989 

:\% 

265 

270 

0.3519 

0.7947 

1.1488 

275 

.3545 

.7904 

.1449 

280 

.3669 

.7863 

.1412 

25 

.3594 

.7821 

.1415 

290 

.3618 

.7781 

.1390 

295 

1 03842 

0 7741 

1.1383 

300 
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Table 8. — Bureau of Standards Tablf.s of Properties op 
Saturated Ammonia: Gauge Pressure Tadi.e. 






0«*t MAU«t. 


t ottojP):. 


remur*. 

1 

^'olurec 

D<»sity 




1 

1 


rrfwuff' 






y»^. 


U«)Q>4 

F'af. 1 



1 kU/iAJ 

• v. 



Stg ,]b. 

8lu..1b. 

iMti IK 

ri(u iK*r 1 

9(1* 

9ui.U.*P 

ItiA 

\ 9P 

t 

V 

IIV 

h 

// 

1 

s 

A/T 


9 P 

to* 

•Cl. 9 

50.5 

0.0198 

•26-3 

688.0 

613.3 

-0.0*2 

1 660 

).4^S 

SO* 

19* 

•CIO 

46.2 

-0217 

-22.3 

559.2 

511.5 

- .055 


.480 

19* 

IS* 

•S8.4 

42.6 

.0236 

-19.5 

500 3 

609.8 

• .048 

.621 

.473 

IS* 

17* 

•S6.9 

39.5 

.0263 

-16 0 

591.3 

00S.2 

- .041 

.507 

.466 

17* 

W* 

•53. C 

36.6 

.0272 

-14.5 

69Z2 

600.7 

• .035 

.495 

.460 

' 16* 

u* 

•81.4 

315 

0-0290 

-112 

593 1 

C05.3 

-0 020 

1.483 

t464 

15* 

H* 

• 49.4 

32.5 

.0308 

•10 0 

593.9 

00X9 

- .023 

.472 

.449 

14* 

13* 

•47.4 

30.7 

.0326 

•79 

594-7 

002.0 

• .019 

.463 

.443 

13* 

19* 

•45.6 

29.1 

.0344 

• 5.9 

596.4 

C0I.3 

- .014 

.452 

.438 

12* 

11* 

•43.8 

27.6 

.0302 

- 4.0 

696. 1 

COO 1 

• .010 

.443 

.433 

11* 

10* 

•4tl 

26 3 

0.0380 

- 2.2 

5%. 8 

699.0 

•0. 005 

1. 434 

1. 429 

10* 

9* 

•40 4 

25.2 

.0397 

-05 

697-4 

697.9 

• .001 

.428 

.425 

9* 

s* 

•38 9 

24.1 

.0416 

4- 1.2 

598 0 

696.8 

.003 

418 

.421 

s* 

7* 

•37,3 

23 1 

.0133 

2.8 

1 598.6 

595.8 

.00? 

.4)1 

.418 1 


6* 

-35.9 

22.2 

.(K60 

4.4 

599.1 

5H7 

.010 

.405 

.415 1 

c* 

s* 

-34.6 

21.4 

0.0468 

5.9 

599.6 

593.7 

0 0)4 

1307 

1.411 

5* 

4* 

-33.1 

20 6 

.0186 

7 4 

€00 2 

6918 

.017 

.390 

.407 

4* 

3* 

•31. S 

19.9 

.0503 

&8 

600.7 

591.9 

.020 

.384 

.404 

3* 

9* 

•30 5 

19.2 

.0520 

10.2 

6012 

591 0 

.024 

-377 

.401 

2* 

1* 

•29.2 

18. C 

.0538 

n.6 1 

C0I.6 

590.1 

.027 

-371 

.398 

1* 

0 

•28.0 

18 0 

0.0656 

12 8 ' 

602. 1 

5S9.3 

0.030 

1 3C6 ! 

1.396 

0 

1 

•25 0 

10 9 

.0590 

15 4 

003.0 

587 8 

.016 

.354 ! 

. 3*‘0 

1 


-23.4 

16 0 

.0026 

17.8 

603.8 

5SG.0 

.041 

.344 1 

.3.'‘S 

f 

s 

-21.2 

15.1 

.OCCl 

20 1 

604.6 

5S4.5 

.047 

.333 : 

.3H0 

3 

4 

-19.2 

14.4 

.0695 

22.3 

605.3 

583.0 

.052 

-324 1 

.376 

4 

s 

-17.2 

13.7 

0.0730 

24.4 . 

006 0 

581. S 

0.0.56 

IW i 

1.371 


s 

•153 

13.1 

.0765 

26.4 

600.6 

580.2 

OCI 

30C , 

. 367 

c 

7 

•13 5 

1? 6 

.0799 

28.4 

00? 3 

57S.9 

.005 

.T»)i 1 

.363 

7 

s 

•111 

12.0 

.0834 

30 3 

607.9 

577. 6 

.070 

.2fi0 1 

.3C0 

8 

9 

•10 1 

11.5 

.0868 

32.1 

608.4 

576.3 

.074 

-282 ! 

.356 

9 

10 

• 8 4 

111 

0.0902 

33.8 

009 0 

575.2 

0.078 

1.275 i 

1.353 

10 

11 

•69 

10.7 

.0937 

36.5 

60*3.6 

574 0 

OM 

.208 i 

.349 

11 

12 

- 5.3 

10.3 

.0971 

37. 1 

CIO 0 

572.9 

.085 

261 1 

.346 

12 

13 

• 3.8 

9.06 

.100 

38.8 

CIO. 6 

571-7 

.018 


.343 

13 

H 

• 2.4 

9.63 

.101 

40 4 

611 0 

570.0 

.092 

.248 

340 

14 

IS 

- 1.0 

9.32 

0.107 

41.0 

CU.4 

669 5 

6.095 

1.242 

1.3.17 

15 

IS 

+ 0.4 

9.01 

.111 

43 4 

611.9 

5C8.5 

.098 

230 

.334 

16 

17 

1.7 

8. 78 

.114 

44 8 

€12.3 

507.6 

. 101 

,2*50 

.331 

17 

IS 

9.0 

8.53 

. 117 

40.2 

612.7 

500 5 

.104 

-225 

.329 

IS 

19 

4.3 

228 

.121 

47.6 

6J3. 1 

5C5.6 

.107 

.2)9 

.320 

19 

SO 

5 5 

8.06 

0 124 

48 9 

013 5 

5A4.6 

0 . no 

1.214 

1,324 

20 

1 31 

6 7 

7.86 

.127 

50.2 

014.9 

503 7 

.113 

209 

322 

2) 

23 

7-9 

7.65 

.131 

61.6 

CK2 

503 7 

.116 

.204 

. 320 

22 

33 

9. 1 

7.46 

.134 

518 

614.0 

5'i).S 

.119 

199 

.318 

2i 

24 

10 2 

7.28 

.138 

64 0 

CI4. 9 

5U0.9 

121 

.194 

31.5 

24 

ts 

IL3 

7.11 

0.141 

55.3 

015 3 

OTiO 0 

0. 124 

1.189 

1- 313 


2S 

12.4 

6.94 

. 144 

66 5 

615 6 

659. ] 

. 126 

-1^ 

.311 


27 

13- 5 

6.78 

.148 

57.6 

616 9 

658.3 

. 129 

. 150 

309 


28 

29 

116 

U.8 

6.83 

6.49 

.151 

.164 

58.8 

59.0 

cm 2 
516.5 

6.57.4 

656.6 

131 

.134 

.176 

.171 

307 

305 

28 

29 


Inchei of mercury below one standard atmosphere (29.92 in.). 
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PRINCIPLES OF REFRIGERATION 


■( ABl.K 8, — lU'kKAU OH 

Satikatkh Am monia ; 


Standards Tablks ok Propf.rties of 
( iAi'c.E Pressirk Tahi.e.— (Comiiuicd) 






H««t reotrfit. 


E&lropp. 

PmPJfV 

FriMu^ 

y 

Temp. 

•f; 

viper. 

DcftUtj 
viper. 1 
ibr/ft.* 1 

t4fiai4. 

»tu./lb. 

Viper. 
8(u./lb. i 

Utiet 

but. 

716. 6 

Liqald. 
itD At>.'F. a 

Evip L 

luTlb.'f.® 


9 P 

i 

V 

iiv 

A 

B 

L 

$ 

LIT 

S 

9 P, 

dO 

16 6 

6.36 

0. U8 

TTo 

616 8 

565.8 

"0. 136 

L167 

1303 

80 

31 

17. 6 

6.22 

.161 

62 1 

617. 1 

565 0 

.138 

.163 

.301 

31 


11 6 

6.09 

.164 

63.2 

617.4 

554.2 

.140 

.169 

.299 

32 

32 

19.6 

6.97 

. 108 

64.2 

617.6 

663 4 

.143 

.155 

.298 

33 

34 

20.6 

6.86 

.in 

66.3 

617.9 

6630 

.146 

.161 

.296 

34 

86 

21.4 

6. 74 

0.174 

66.3 

618 2 

551.9 

0.147 

3148 

1295 

85 

36 

22.3 

6.04 

.177 

67.3 

618 4 

551.1 

.149 

.144 

.293 

36 

37 

232 

6.64 

.181 

68.3 

618 7 

650.4 

.161 

.140 

.291 

37 

38 

24.1 

5 44 

.184 

69 2 

618.9 

649.7 

.163 

.137 

.290 

38 

39 

26.0 

6.34 

. 187 

70.2 

619.1 

6439 

.156 

.133 

.288 

39 

40 

25 8 

6.26 

0.191 

7L2 

619.4 

618.2 

0. 167 

1 130 

1287 

40 

41 

26.7 

6.16 

.194 

731 

619.6 

517.5 

.169 

.126 

.285 

4 1 

42 

27.6 

6 07 

.197 

73 0 

619.8 

546.8 

.161 

.123 

.284 

24 

43 

28 3 

4.99 

.201 

73 9 

620.0 

546.1 

.163 

.119 

.282 

43 

44 

29.2 

4.91 

.204 

74 8 1 

620.3 

1 546.5 

.164 

.116 

.280 

44 

46 

30.0 

4.83 

0 207 

76.7 

620.6 

5448 

0.166 

tm 

1279 

45 

46 

30.8 

4.76 

.210 

76.6 

620 7 

6141 

.166 

.110 

.278 

46 

47 

31.6 

4.68 

.214 

77.4 

62). 9 

643$ 

.170 

.107 

.277 

47 

46 

313 

4.61 

.217 

78.3 

62L1 

512.1 

.171 

.104 

.275 

48 

49 

331 

4.64 

.220 

79.1 

62L3 

543 2 

.173 

.101 

.274 

49 

60 

33.8 

4. 48 

0. 224 

80.0 

621.6 

541.6 

0. 176 

t098 

1273 

60 

61 

34.6 

4.41 

.227 

80.8 

621.7 

540.9 

.177 

.096 

.272 

51 

62 

S6.3 

4 36 

.230 

81.6 

621.8 

540.2 

.178 

.092 

.270 

52 

63 

36.1 

4.29 

.233 

82.4 

622.0 

539.6 

.180 

.089 

.269 

63 

64 

36.9 

423 

.237 

832 

6232 

539.0 

.181 

.086 

.267 

54 

66 

37.6 

4. 17 

0.240 

840 

623 4 

6334 

0. 183 

1083 

1266 

65 

66 

38 2 

4. 12 

.243 

848 

6236 

537.7 i 

.185 

.080 

.266 

56 

67 

38.9 

4.06 

.246 

86.6 

6217 

637.1 

.186 

.078 

.264 

57 

66 

39.6 

4.01 

.260 

86.3 

622.9 

538.6 

.188 

.076 

.263 

68 

69 

40.3 

3. 96 

.253 

87.0 

623 0 

536.0 

.189 

.072 

.261 

69 

60 

40.9 

3.91 

0.366 

87.8 

623 2 

635.4 

0.191 

1.069 

1.260 

60 

61 

41.6 

3 86 

.260 

88.6 

623.4 

634.8 

.192 

.067 

.259 

61 

62 

413 

3.81 

.263 

89.3 

623.6 

534 2 

.194 

.064 

.258 

62 

63 

419 

3.77 

.266 

90.0 

623.7 

5337 

.195 

.062 

.257 

63 

64 

43 6 

3. 72 

.269 

90.7 

6238 

5331 

.19$ 

.060 

.256 

64 

66 

44.2 

3.67 

0.273 

91.6 

624.0 

533 5 

0.198 

1057 

1266 

66 

66 

44. S 

3.63 

.276 

93 2 

624. 1 

531.9 

.199 

.065 

.254 

66 

67 

46.6 

3.69 

.279 

939 

624.2 

531.3 

.201 

.062 

.253 

67 

68 

46 1 

355 

.282 

93 6 

624.4 

530.8 

.202 

.060 

.252 

68 

69 

487 

3.61 

.286 

64 3 

624 6 

530.2 

.203 

.048 

.261 

69 

70 

47.3 

8. 47 

0.289 

94.9 

624 6 

529-7 

0.205 

1046 

1250 

70 

71 

47.9 

343 

.292 

96.6 

624 8 

629.2 

.206 

.043 

.249 

71 

72 

48.6 

3 39 

.296 

96.3 

624 9 

623 6 

.207 

.(Ml 

.248 

72 

73 

49.1 

3.36 

.299 

97.0 

625.1 

523 1 

.209 

.038 

.247 

73 

74 

49.7 

3.32 

.302 

97.6 

625.2 

527.6 

.210 

.036 

.246 

74 

96 

50.3 

328 

0.306 

933 

625.3 

527.0 

0.211 

1034 

1245 

n 

76 

60.9 

324 

.308 

98.9 

625.4 

523 5 

.212 

.032 

.244 

76 

77 

61.6 

3 21 

.312 

99.6 

625.5 

526.0 

.214 

.029 

.243 

77 

71 

610 

3 17 

.315 

100.2 

625.7 

525.5 

.215 

.027 

.242 

78 

79 

616 

314* 

.318 

100.8 

625.8 

525.0 

.216 

.025 

.241 

79 



REFRIGERATING MEDIA 
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Table 8. — Bureau ok Stanoarhs Tables ok Pboi’ertiEs ok 
Sati'hatfi) Ammonia: Gaucf. Pressure Tahi.k:.— (T ontimud) 


PrMfur* 

9- ^ 

T«p. 

1 

V«hUB« 

»»Mr. 

ft>Ab. 

V 

««PM. 

lb* ;rt.» 

//V 

fl«lt MftttOl. 

tmi. 

L 

Eatf«p7. 

Presiura 

<CU»1. 

iM/ka. 

9- P- 

Blu.tib. 

h 

Vtpor. 

Btu.Ab. 

ff 

UquM 

Btu.Ab. 

$ 

ETip. 1 

BUUIb.’F. 

LIT 

V«pw, 

8tu,l6.*P. 

s 

60 

63.1 

3.U 

0.322 

10L5 

826.9 

8244 

0.217 

L023 

1.240 

80 

61 

63.7 

3.08 

.326 

102.1 

828.0 

623.9 

219 

020 

239 

81 

62 

H3 

3.06 

326 

102.7 

628.1 

623.4 

220 

016 

23$ 

1 82 

63 

M.6 

3 02 

, 331 

103.3 

828 3 

623 0 

.221 

016 

.237 

1 $6 

64 

66 3 

2 99 

336 

103.9 

828.4 

622 6 

, 222 

015 

.237 

$4 

$6 

66.9 

196 

0.336 

104.6 

1 

' 828 6 

622.0 

0.223 

1.013 

L23$ 

88 

66 

66.4 

194 

.341 

106.1 

828 8 

621.6 

.224 

Oil 

.236 

66 

67 

67.0 

2 91 

344 

106.7 

828.7 

62L0 

226 

00$ : 

.234 

87 

66 

67.6 

168 

348 

loe 3 

828 6 

620.6 

227 

008 

.233 

6$ 

69 

66 0 

2 66 

361 

108.9 

828 9 

620.0 

.22$ 

006 

.233 

$9 

90 

66.6 

2.62 

0.364 

107 6 

827.0 

619.6 

0.229 

1.003 

1.232 

90 

61 

69.0 

2 60 

367 

108 1 

827 1 

819.0 

.230 

1.001 ; 

.231 

91 

62 

69.6 

17? 

$61 

108 7 

827.2 

818 6 

.231 

0.990 

.230 

92 

63 

60.1 

176 

304 

109.3 

627 3 

618 0 

.232 

997 

.229 

93 

94 

60.6 

2.72 

367 

109 B 

827.4 

817 8 

233 

996 

.228 

94 

96 

61.1 

2. 70 

0. 370 ; 

110.4 

827 6 

517 1 

0.23.6 

0.993 

1.22$ 

96 

66 

61 6 

2 66 

374 ' 

111.0 

827.8 

618 8 

.238 

991 . 

.227 

96 

67 

. 62.0 

166 

977 

111.8 

827 7 i 

818.1 

237 

9S0 . 

.226 

97 

66 

62.6 

2 63 

360 

112.1 

827 6 

815 7 

23$ 

9$$ 

.226 

9$ 

69 

63 0 

2 61 

363 

112.6 

627 9 

615.3 

.239 

.m 

.226 

90 

100 

63.6 

2 69 

0 287 

113.2 

828 0 

5148 

0 240 

0.9$4 

1.224 

100 

102 

64 6 

2 64 

393 

1K2 

826.1 

513 9 

242 

9S1 

.223 

102 

104 

66 4 

2 60 

400 

116 3 

826 3 

513 0 

244 

97? 1 

.221 

104 

106 

66 4 

2 46 

406 

lie. 4 

826 6 

512 1 

246 

974 

220 

106 

106 

67 3 

2 42 

.413 

117 4 

826 8 . 

511 2 

248 

.970 

21$ 

lOi 

no 

66 2 

2.39 

0 419 

116 6 

826 6 ! 

510 3 

0 260 

0.967 

1-217 

no 

112 

69 1 

236 

426 

119 6 

826 9 

509 4 

.262 

.984 

-216 

112 

114 

70 0 

2.31 

432 

120 6 

829 i 

5086 

.264 

.960 

.214 

114 

116 

70 8 

2 28 

439 

121.5 

829.3 

607 8 

.266 

.937 

.213 

116 

116 

71.7 

2 26 

446 

122 6 

829 4 

608.9 

.2S7 

954 

211 

I1A 

120 
ft Aift 

72.6 

2.21 

0 462 

123.6 

829.6 

608 0 

0.269 

0.961 

1.210 

180 

122 
ft ift 4 

73 4 

2.18 

466 

124.6 

629.7 

605 2 

.281 

.94$ 

.209 

122 

124 

ft 

74.2 

2.16 

466 

126.4 

629 6 

6044 

263 

.945 

208 

124 

126 

ft 

76. 1 

2.12 

471 

128.3 

829.9 

603.6 

.384 

.942 

.206 

126 

126 

76.9 

109 

.476 

127 3 

630.1 

602 8 

.288 

.939 

206 

12$ 

160 

76 7 

2 06 

0.464 

126.2 

830.2 

502 0 

0.26$ 

0.938 

1.204 

lao 

132 

77. 6 

104 

.491 

129.1 

830.3 

501.2 

270 

.933 

.203 

132 

IM 

76 3 

101 

.497 

130.0 

830.4 

600.4 

271 

930 

201 

134 

136 

ft A A 

79.1 

1.98 

.604 

130.9 

830.6 

499.8 

.273 

.927 

200 

136 

138 

79.9 

1 96 

.610 

UL6 

830.7 

4989 

.274 

926 

. 199 

13$ 

140 

80.6 

1.93 

0.617 

13X7 

830 6 

49$ 1 

0:278 

0.922 

L19$ 

140 

142 

61. 4 

L91 

.623 

U3.8 

830 9 

497.3 

.278 

910 

.197 

142 

144 

82.2 

L69 

630 

134.6 

83L0 

498 6 

.‘279 

.917 

.198 

144 

146 

819 

L66 

636 

136.3 

831.1 

496.8 

.281 

.914 

196 

146 

146 

83. 8 

L84 

.643 

1382 

83L2 

498.0 

283 

.911 

194 

14$ 
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PRINCIPLES OF REFRIGERATION 


Table 8— Bureau of Standards Tables of Properties of 
Saturated Ammonia; Gauge Pressure Table.— (Concluded.) 


Frfitfur* 

lb«7l0. 

9 . p. 

Tesp. 

•f; 

t 

Vohim* 

vipor. 

a.^b. 

V 


R«Jt 


EoUvpF. 


FrM«v« 

» 

9 P- 

A A jk 

Thotitr 

npcr. I 

1 

i/y 

U<iiiJ4. 
)lu./)b. ! 

5 

V4pOf. , 

Slu.Ab. 1 

ff 

U(«A( 

bMt. 
OCQ./lb. B 

L 

1 

8 

LIT 

v«por. 

tu/b.'F 

s 

160 

\S 2 

iS4 

)56 

158 

lAO 

m 

\(A 

m 

1$8 

170 

172 

174 

176 

178 

180 

182 

184 

186 

188 

leo 

m 

184 

188 

188 

200 

205 

210 

2)5 

230 

225 

230 

235 

240 

245 

280 

255 

260 

285 
270 

276 

280 

286 
280 
295 

800 

64.4 

85 1 
85.8 

86 5 
87. 2 

88.0 
886 
80 3 

90.0 

80.7 

81.4 
82 0 
92 7 

93.4 

04.0 

9i7 

96.3 

85.0 
88 8 

87.2 

87.8 
88 4 

88.0 

08.7 

100.3 

lOOO 
102 3 

103.8 

105.2 

106.4 

108 C 

109.4 

110.7 
112 < 
113.; 

Ui< 
1181 
117.: 
118 < 
110.1 

12 a: 

122' 

122 

12i 

125. 

128 

L82 

L80 

1.78 

176 

174 

1.72 

170 

1.68 

1.86 

184 

1.62 

1 61 

1 59 
1.57 
166 

1 54 
1.53 

1. 5) 
1.50 
1.48 

147 

1.45 

L44 

L43 

141 

140 
137 
134 
131 
; 128 

1 125 

i 123 
' 1.20 
> 1.18 
1 lie 

1 1.13 

1 l.U 
1 1.08 
4 107 

8 105 

8 103 

0 1.02 
1 100 
$ a9S 

4 087 

5 O.M 

0.550 

.556 

.583 

.669 

.576 

0.582 

.588 

.595 

.602 

.009 

0.615 

.622 

.628 

.635 

.641 

0. 648 
.555 
.661 
.688 
.674 

0 881 
.688 
.694 
701 
708 

0 714 
.731 
.747 
.764 
.782 

0 787 
.814 
.831 
.848 
.864 
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.898 
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.032 
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0066 

.083 
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1035 

» 1 1052 

137 0 
137.8 

138.7 
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140 3 
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141.8 
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145.8 

146 6 

147.4 

148.2 

148 0 
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150 5 
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1510 
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150 2 

158.0 
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1613 
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473.7 
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457.0 
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0.604 
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1 T1762 

1. 193 
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.190 
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.178 
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.172 

171 
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1.150 
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1.142 
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.138 
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^ 1.132 

150 

152 

154 

156 
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160 

162 

164 
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168 

170 

172 

174 

176 

176 

160 

182 

184 

186 

188 

190 

182 

m 

186 

198 

200 

205 

210 

215 

220 

225 

230 

235 

240 

245 

250 
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260 

265 

270 

275 

260 

285 

290 

295 

\ 800 



Table 9.— Properties of Liquid Ammoxia 
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PRINCIPLES OF REFRIGERATION 


Iarlk 1(1 nh StaM'ART*'^ Variks ok Propkrtiks of Superheated 

Ammonia \ apor. 

(\ - viiluinc ill ft. 7ll>; H ’ heal content in Btu. /H>; ' 

S — entropy in Btu. /lb '‘F.) 


A Molut# pffSPttt 1 0 » bs 4ft • I saiurt tloa iMnprftl 


■ 

V 


fiat 

4$9t 

mi 

-50 

51.05 

595.2 

-40 

52.36 

600.3 

-30 

53.67 

605 4 

-20 

64.97 

610.4 

-10 

66.26 

615.4 

0 

57.55 

620.4 

10 

59 84 

625.4 

20 

60. 12 

630.4 

30 

61.41 

636 4 

40 

92.69 

640.4 

60 

63.96 

645.5 

60 

65.24 

650.fr 

70 

66.51 

655.6 

80 

67.79 

660.6 

90 

69.06 

665.6 

100 

70.33 

670.7 

110 

71.60 

675.8 

120 

72.87 

680.9 

130 

74.14 

688.1 

140 

75.41 

691.2 

1 150 

79.89 

696.4 

1 160 

77.95 

701.6 

170 

79.21 

708.6 

1 180 

80.48 

1 712.1 

1 


10 

1 



1 fi«t 

U.$l' 

$frj 

1 -30 

28.58 

603.2 

1 -20 

27.2$ 

609.5 

1 -10 

27.92 

613.7 

1 0 

28.58 

818.9 

1 10 

29.24 

824.0 

1 20 

29.90 

629.1 

1 30 

30.55 

634.2 

1 ^ 

31.20 

639.3 

I 60 

31.95 

644.4 

1 60 

32.49 

849.5 

1 70 

33. 14 

854.6 

1 80 

33.78 

859.7 

90 

34.42 

664.8 

1 100 

35.07 

670.0 

1 110 

35.71 

675.1 

1 120 

39.35 

680.3 

1 130 

96.99 

695.4 

1 140 

37.62 

690.6 

1 150 

99.28 

695.8 

1 160 

38.90 

701.1 

1 170 

39.54 

706.9 

1 180 

40.17 

711.6 

1 190 

40.81 

716.9 

1 200 

41.45 

722.2 


LS025 

.6149 

.6269 

.6366 

.6499 

1.660S 

.6716 

.6921 

.592$ 

6026 


1. 


6126 

.6223 

$319 

6413 

.6590 

6699 

6699 

6778 

666$ 

6952 

7039 

7122 

.7206 

.7299 


r.itri 

1.4420 

.4642 

.4669 

1.4773 

.4984 

.4992 

,6097 

.6200 

1.5301 

.6400 
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.6693 

.6687 

1.6779 

.5870 

.6960 
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.6136 

1.6222 

.6307 

.6391 

.6474 

.6656 

1.6637 


4i«9 

42. 44 
43.55 

44.64 

45. 73 

46.92 

47.90 

49.9$ 

50.05 

51.12 

52.19 

53.26 
54.32 
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66.45 
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58.58 

59.64 

60.70 

61.70 
62.82 

63.87 

64.93 
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25.35 
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$40.2 
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670.6 
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696.3 

701.6 
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TT 
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m.s 
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618.5 

923.7 
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654.4 

659.6 
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695.3 
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.16.29 
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.4739 

-40 
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38.19 

604.5 

.4881 

-30 

.5166 
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60 
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60 
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47.44 

655.2 

.5921 

70 

8199 
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80 
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665. S 

.6110 

90 
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675.5 
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.6292 
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no 
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685.8 
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.6557 
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1.6824 
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696.2 

701.4 
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.6727 
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6902 
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708.6 

.6811 
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• wir V fti 
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1.4300 

.4423 
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24.31 
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28.11 
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30.79 

31.33 

31.86 
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33.4$ 
33.99 

$4.62 


m.4 

802.3 
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613.0 

618.2 

923.4 

629.8 

833.7 

638.9 

644.0 

649.1 
$54.3 

659.4 

664.6 

669.7 

674.8 

680.0 

685.2 

690.4 

695.8 

700.8 

706.1 

711.4 

718.7 

722.0 
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IMU 

1.4190 

.4314 

.4434 

1.4549 

.4861 

4770 

.4877 

.4960 
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Tabi.k 10.— Rcrkat Sta.\j».\kijs i>i- 1 'kopirtiis ni- Si I'MUiMirn 

Am MON I a Vai'OR. - ( ('ontimic<l. ) 

(V — voliniic in ft. H hcM njiitont in Hui / H‘ ; 

S = entropy in Rtu. /lt> ^F. ) 
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PRINCIPLES OF REFRIGERATION 


TAifi-F, 10. — Bureau of Standards Tables of Properties of Superheated 

Ammonia Vapor. — (Continued.) 

(V = volume in ft. V^); H = heat content in Btu. /H>: 

S = entropy in Btu. /tb °F.) 


(SAtunUoe ittUo.) 


itop. 


6A 


tf.9f 

IS. 01 
IS. 47 

18.92 
18. 37 
18.82 
20. 26 
20.70 

21 14 
21.68 
22.01 
22.44 

22 . as 

23. 38 
23.74 
24. 17 
24.60 
25.03 

25.46 
25.88 
26.31 
26. 74 
27. 16 

27. 68 
2&44 


li09 

14.44 

14- 76 
16. 11 

15.45 

15- 78 
16. 12 

16.45 
16 78 
17. 10 

17. 43 
17.76 
18.08 
18.41 
18. 73 

18.05 
18. 37 
18 70 

2a 02 

20.34 

20 66 
21.30 
21-04 


IS 

-r.fs* 

16 

17 

-tt.rr 

B 

s 

V 

B 

S 

V 

B 

lot. 4 

I.S9U 


Wi 

iMti 

li.U 

api.o 

606. 4 

1. 4031 

16.86 

0080 

1 3848 

15.83 

605.6 

6119 

.4154 

17.20 

6115 

.4072 

16 24 

611. 1 

617 2 

14272 

17.72 

616.8 

14101 

1G.65 

61C.6 

622. 5 

.4386 

18 14 

622.2 

.4306 

17.05 

6219 

A27 8 

.4487 

18.56 

627. S 

.44)7 

17.45 

627.2 

633 0 

.4604 

18 87 

632.7 

.4625 

17.84 

632.5 

6382 

.4708 

18. 39 

$380 

.4630 

18 23 

637. 7 

641 4 

1 4817 

19.80 

613.2 

1.4733 

18 62 

642.9 

fiifi & 

.4912 

20 21 

. 018 3 

.4834 

19.01 

648 1 

AM 7 

soil 

20. 62 

658 5 

.4933 

19. 39 

653. 3 

4LAR fi 

' 5188 

2103 

$58.7 

.5030 

19. 78 

658 6 

664.0 

.5203 

21 43 

663.9 

.5125 

20.16 

663.7 

669 2 

1.5296 

2184 

669.1 

1 5218 

20.54 

668 9 

M4 4 

5388 

22 24 

674.3 

.5310 

20.92 

674. 1 


.5178 

22 65 

679 

.5401 

21.30 

679.3 

A A M 

Wt V 

ftju k 

5567 

23. 05 

684.7 

.5490 

21.68 

684. 5 

690.0 

.6655 

23. 45 

689.9 

.5578 

22.06 

688.8 

695 3 

1. 5742 

23.86 

685.1 

15665 

22.44 

695 0 

Vv V 

700 5 

.5827 

24.26 

700.4 

.5750 

22.82 

700. 3 

706 6 

.5911 

24.66 

705.7 

.5835 

23.20 

705. 6 

711 1 

6005 

25.06 

7110 

.5818 

23 58 

710.9 

9 8 8« 8 

718 4 

.6077 

25. 46 

7183 

.6001 

23.95 

716.2 

721 7 

16158 

25.66 

7216 

16082 

24.33 

7215 

732 4 

.6318 

26.66 

732.3 

.6242 

25.08 

732.2 

20 

21 

-itrr 

22 

-/tjr 


Tmdd. 

•F. 


610.0 

615.5 

621.0 

626.4 

631.7 

637.0 

642.3 

647.5 

652.8 
6680 
663-2 

6685 
678 7 
678 0 

684.2 

688.4 

604.7 

700.0 

705.3 
7X0.6 
718 0 

721.2 

732.0 

742.8 


f.97CO 

L3784 

L3907 

.4025 

.4138 

.4248 

.4356 

1.4460 

.4562 

.4662 

.4760 

.4856 

L4W0 

.5042 

.5133 

.5223 

.5312 

tssoo 

.5185 

.5560 

.5653 

.5736 

1. 5817 
.5078 
.6135 


lUO 

1806 

18 40 
13, 73 

14.06 
14.38 
14.70 

16.02 

15.34 

15.65 

15.07 
18 28 

18 59 
16.80 
17.21 
17.52 
17.83 

18 14 
18 44 
1876 
10.06 
19.36 

10-67 

20.28 

20.89 


600.6 

615.2 

620.7 
6281 
631.6 
6388 

642.1 

647.3 
652 6 

657.8 

653.1 

0683 
678 5 
678 8 
5810 

680.3 

604.6 

608.8 

705.1 
710.5 
718 8 

72LI 

731.0 

742.7 


IS$Sg 

L3720 

1.3544 

.3062 

.4077 

.4187 

.4285 

1.4400 

.4602 

.4502 

.4700 

.4796 

1.4891 

.4683 

.5075 

.5165 

.5253 

1.5340 

.5426 

.5510 

.5505 

.6678 

1.5750 

.5020 

.6077 


i.U» 
1. 3870 
.3004 

\MU 

.4230 
. 4342 
.4150 
.4556 

1.4658 

.4761 

.4060 

.4857 

.5052 

1.514$ 

.5238 

.5328 

.5118 

.5506 

L5593 

.5678 

.5763 

.5816 

.5920 

L6010 

.6170 


d«L 


an 
1808 
U40 
18 71 
14.02 

11 32 
14.63 

14.83 
16.23 
15.53 

15.83 
16 12 
18 42 
18 72 
17.01 

17.81 
17.60 
17.80 
18 19 
18.48 

18 77 
19.35 
10.04 


wr.i 

608.2 

614.8 
$20.4 

625.8 
631.2 

636.6 

641.0 

617.1 
658 4 

657.7 
6689 

6681 

673.4 
678 6 
6810 

689.2 

691.4 
600-7 

705.0 

710.4 
718 7 

721.1 
731.8 
742.7 


200 

2:^ 


I Mil 

13650 

13784 

.3003 

.4018 

.4129 

.4237 

14342 

.4445 

.4545 

.4643 

.4740 

14634 

.4027 

.5018 

.5109 

.5187 

152S5 

.5371 

.5456 

.5530 

.5622 

15704 

.5865 

.6022 


200 

220 

240 



REFRIGERATING MEDIA 


87 


Table 10.— Bureau of Standards Tables of Properties of Superheated 

Ammonia Vapor.— (Continued.) 

(V = volume in ft. Vlb ; H = heat content in Btu. /lb ; 

S = entropy in Btu. /lb "F.) 


Abtolau 10 Ibi /laJ fcaperaiwrc ko UaJtcs > 


S«f. 


-10 


li03 
1& 82 

)&20 

16.08 

16.4$ 

1183 

17.20 

17.17 

17.04 

18 30 
1167 

19 03 

19.39 

19.71 

20 11 
20.47 
20 63 

21 19 
2L14 
2L90 
20 26 
22 61 

2297 

23.66 


1L69 

12 20 
12 60 

1160 
U 10 
U40 

1169 

1198 

U27 

1168 

1164 

16.13 
16 41 
16 70 
16 96 
16 26 

16 66 
16 63 
17. n 

17.19 

17.87 

17.95 
16 M 
19 07 


n 

I04J 

$ 0 $ 1 

810.7 

616 2 

821.8 
$26 9 
832.2 

837.6 

842 7 
847 9 

863.1 
666 4 
883 8 

686 8 
8710 

679.2 
6814 

889.7 

8H9 

700.2 
706 6 
710 8 
718.1 

7214 
732 2 


ijirr 

13795 

.3921 

14042 
.4168 
.4270 
.4380 
. 448$ 

14590 

.4091 

.4790 

.4887 

.4983 

16077 

.6109 

.6260 

.6349 

.6438 

1 6625 
.6810 
.6835 
.8778 
.8881 

16943 

.8103 


40*t 

8068 

8115 

820.0 

825.6 

630.9 

838.3 

8418 
8469 
662 2 

867.8 
8827 

8860 
876 2 
876 6 
8668 

889.0 

€913 

899.8 
7019 
710 3 
7168 

721.0 
731 7 
742 0 


f4U4 

13600 

13726 
. 3848 
.3961 
.4073 
.4111 

14287 

.4390 

.4491 

.4689 

.4886 

14780 

.4873 

.4986 

.6065 

.6144 

18231 

.6317 

.6402 

.648$ 

.6609 

16661 

.6612 

.6989 


14.17 

il49 

1186 
16.21 
16 67 
16 93 
16 28 

18 83 
18.98 
17.33 
17.87 
1602 

16 38 
16 70 
19.04 
19.38 
1672 

20 08 

20 40 
20.74 
21.08 
21.42 

21 76 

22 43 




11.87 
11.96 
12 26 
12 64 
1132 

un 

13.39 

13.88 
13.94 
U22 

1149 
11 78 
1604 
16 31 
16 68 

16 86 
ll 12 

16 39 
16 88 
1693 

17.20 

17 73 
16 77 


U 
€aj 

iloii 

816 9 

821.3 
828 7 

832.0 

837.3 

842 6 
847.7 
8S3 0 
8662 
683 4 

8868 
873 8 

879.1 
864 3 
039 8 

8918 

700.1 
705 4 
710 7 
718 0 

72L3 
732 1 




8111 

819.7 
826 2 

830.7 
6361 

84L4 

846.7 
6620 

867.3 
8828 

887.3 
371 1 
876 4 
833 8 
8369 

8912 
899.6 
7013 
716 2 
716 6 

726 9 
73L7 
742 3 


i^4t 

L3^i* 

L3973 

.4090 

.4203 

.4312 

.4419 

L4623 
.4826 
. 4724 
.4322 
.4913 

160)2 

.6104 

.6196 

.5236 

.6373 

16400 

.664$ 

.5831 

.6714 

.6797 

I 6673 
.8039 


tJ40 


1.3670 
. 3791 
.3907 
.4019 
.4123 

1.4234 

.4337 

.4433 

.4637 

.4834 

1. 4720 
.4822 
.4914 
.6004 
.6093 

1.6130 

.628$ 

.6362 

.6438 

.6613 

L6800 

.6781 

.6919 


njc 

ii*74 

1109 
14 44 
14. 78 

16 n 

16.46 

16.73 
18 12 
1$ 46 
18. 76 
17. 10 

17 43 
17.7$ 
1303 
13 41 
13 73 

19 06 
19 37 

19 70 

20 02 

20 34 

20 $6 

21 30 




810.0 

816 6 
821.0 
828 4 
83L7 
837 0 

842 3 
847.6 
862 B 
363 0 

883.2 

6835 
873 7 
873 9 
6312 
639.4 

894 7 
700 0 
706 3 
710 8 
716 9 

721.2 
732.0 


13784 

13907 
.4026 
.4138 
. 4248 
.4366 

L 4460 
.4682 
.4862 
.4780 
.4668 

14950 
.5042 
.6133 
.6223 
.6312 

L6399 
.6436 
.6689 
.6863 
.6738 


1 6317 
.5978 


fPM 


1119 
U. 47 
1175 

12 03 
1X30 

1X67 

1X84 

13 11 
13 37 
1X84 

S 60 
17 
14 43 
14 89 
14 96 

16.21 
13 47 
1X73 
1X99 
13 26 

18 60 
17.02 
17.63 


40f.l 


81X3 

819.4 
826 0 
830 4 
83X3 

8412 

848.6 
861 B 

867.1 
88X4 

887.7 
87X0 
873 2 
863 6 

833.8 

8H1 

899.4 
704 7 

710.1 
71X4 

720 3 
7316 
74X6 


200 

220 


19818 
.3733 
.336$ 
.3987 
.4077 

14)33 
.4287 
.4333 
.4437 
.4534 

14879 
. 4772 
.4384 
.4964 
.6043 

1,6131 
.6217 
.6303 
.6367 
.6470 

16652 
.6713 
.6370 



88 


PRINCIPLES OF REFRIGERATION 


Tahi.i- 10.— I'i hi- \ i 


(IK ST.\NI'.\RItS TaBI.KS ok PkoI'KRTIES OF Sl'FF.KHEATEn 
Am moni.\ \ .\J'or.'-( l oiitiiuieJ ) 


, \- = vuliunc in ft. -VU) ; H = lu-at content in Btu. /tb ; 
S ^ entropy in Btu. /tb °F. ) 
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Tabi.k \0. — Burfai' ok Staxuahu^ Tauif.s oi- l^imvKkvir.s or SrrrmiKMi h 

Am MON I a \'ai*()k. — ( (niitiiuicil. ) 

(\' » volume in fl. \ H = hval content in lUn. tl> ; 

S = entropy in Btn, /I!) ®F.) 


Abuluu^rostur^ibiteyla* (i^turAUoo l«ia|Mnuu»io lulled } 


T;bp. 


SA 


100 

no 

120 

130 

140 


€00 

220 

240 

2G0 


BtL 


AAU 

9. 042 
10.20 
10.46 
10.70 
10.9$ 

11.19 

11.44 

1109 

1L92 

1116 

1139 
1103 
1166 
11 10 
13.33 

13.06 

13.60 

14.03 

U26 

1149 

11 72 
16. 1$ 
19.64 
16. 10 


B 


itOJ 

6117 

618.4 

cm 

029 6 

036. 1 

640 $ 
646 9 

661.1 
660.0 
eel 9 

007.2 
072 6 
077.8 
063 1 
C68 4 

693.7 

699. 1 
7014 
709 8 
716 1 

720.5 

731.3 
742 2 

763.2 


ISitt 

1.340$ 

.3699 

.3708 

.3822 

.3933 

1.4<MI 
.4146 
. 4247 
.4347 
.4446 

1.4610 

.4034 

.4720 

.4917 

.4906 

L4904 

.6061 

.6107 

.6261 

.6334 

L5416 

.5678 

.6730 

.6600 


0 692 
1612 

9.028 
9.242 

9.462 

9.661 

9.908 

10.07 

10.28 

10 48 

10.08 
ia98 
iLoe 
11.28 

IL48 

11.69 

11.98 

1106 

1127 

1147 
1196 
13. 26 
1166 
1104 


iiti 

015 8 
0210 
629 3 
0319 

039 4 
6419 
060.3 
656 7 
601. 1 

6654 

071.9 
677.1 
6916 
697.6 

6912 

6955 

703.9 
709 3 
7116 

720 0 
730 9 

70.9 
7619 
763 9 


UlU 

L3309 

.3492 

.3000 

.3722 

1.3932 

.3939 

.4042 

.4143 

4241 

X4338 

.4433 

.4626 

.4017 

.4707 

L4795 

.4983 

.4909 

.6053 

.5137 

15219 

.5391 

.5540 

.6696 

.6946 


29 

30 

1 

TtiDft 1 

•F 

V' 

U { 

S 

«■ 1 

// 

5 


rm 

4fr.r 

txnt 


int 

t uoi 

3or. 

9 684 

512.3 

1.3417 

9.260 

on 9 

1 Z171 

0 

9. 934 

C15 1 

.3642 

9 492 

517 9 

. 34?<7 

lo 

10 09 

023 9 

.3002 

9 731 

523 6 

. 3<U$ 

•VI 

10 32 

029.4 

.3777 

9 955 

529 1 

- 3733 

‘M 

10. 66 

53L9 

.3889 

10 20 

0315 

.3846 

40 

10.90 

040 3 

1.3990 

\(i 13 

640 1 

L 3963 

65 

11. 03 

515.7 

.4101 

10 56 

546 6 

.4069 

00 

1L26 

06L 1 

.4204 

10 98 

5S0 9 

. 4151 

7ft 

1160 

035 4 

.4301 

11. 10 

CSii 2 

. 42>*l 

Mft 

IL 73 

001.7 

.4401 

11 33 

551 6 

. 4369 

vVk 

90 

1196 

067.1 

L449; 

11. 56 

55G.9 

L 

100 

11 18 

671 4 

.4691 

11. 77 

5;Z2 

. 4660 

llA 

11 41 

677.7 

.4584 

11 99 

577.6 

. 4542 

5 5v 

12ft 

1104 

C93 0 

.4776 

12 21 

C9Z9 

. 4733 

13ft 

11 90 

688.3 

.4804 

ll 43 

5952 

. 4923 

140 

1109 

003 6 

L49S2 

IZC6 

593 6 

14911 

165 

13. 31 

099.0 

.6039 

12 87 

. 098 8 

. 4998 


11 54 

7013 

.6124 

13 08 

704 2 

. $083 

j vv 

17ft 

1176 

709 7 

.6209 

13 30 

709 C 

.6158 

51V 

l8ft 

1199 

716 0 

.5292 

13.62 

714.9 

.$261 

190 

U2l 

720.4 

.5374 

13. 73 

730 3 1 

' 1. 6334 

200 

I'l 06 

73L2 

.5630 

14 15 

' 731 1 

; .6196 

220 

15. 10 

7412 

.6094 

K 69 

742 0 

1 .6563 

240 

15 54 

7611 

.6849 

16 02 

763.0 

1 .6908 

250 


34 

1 


35 




iM* 

1 





9,tlt 

HiJ 


7,9»l 


tW6 

S9L 

& 328 

615 4 

L3328 

5079 

615 1 

L3289 

10 

5 612 

522 3 

.3462 

5 297 

622.0 

.3413 

20 

5 763 

525 0 

.3670 

5 493 

527,7 

.3632 

30 

5 950 

5316 

.3094 

5 69$ 

C33.4 

.3046 

40 

9. ice 

539.2 

L3793 

8.695 ' 

0359 

1.3760 

00 

9. 3C9 

044 7 

.3900 

9.093 

0U4 

.3903 

00 

9.670 

060. 1 

.4004 

5 299 

049.9 

.3957 

70 

9.770 

566.5 

.4106 

9.484 

566.3 

.4059 

90 

9.959 

650.9 

.4204 

9.677 

050.7 

.4189 

90 

10.17 

6553 

). 4301 

5 6C9 

006 1 

L420S 

loo 

15 35 

57Le 

.4196 

10.06 

671.6 

.4350 

110 

15 50 

077.0 

.4489 

15 25 

875 9 

.4163 

120 

10.75 

0913 

.45HI 

15 44 

69Z2 

.4646 

130 

15 95 

697.7 

.4071 

1553 

097.6 

.4636 

140 

1114 

0910 

1. 4769 

10.62 

09Z9 

L 4724 

160 

IL S3 

699. 4 

.4846 

11.00 

598 3 

. 4911 

100 

11.53 

7019 

.4932 

11. 19 

703.7 

. 4897 

170 

11. 72 

709.2 

.6017 

11.38 

709. 1 

.4992 

ISO 

IL 91 

7K5 

.6101 

11.60 

715 6 

.6055 

190 

11 10 

7250 

L6193 

U 76 

719.9 

L5149 

200 

11 49 

735 8 

.5345 

IZ 12 

735 7 

.6311 


1196 

74L7 

.5604 

1Z49 

7417 

.6459 

210 

1124 

7517 

.5069 

1Z9C 

76Z7 

.6624 

250 

1152 

7519 

.6911 

13 23 

753.7 

.6776 

2»0 
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PRINCIPLES OF REFRIGERATION 


Tabi-e 10 . Bureau of Standards Tables of Properties of Superheated 

Ammonia Vapor.— (Continued.) 

(V = volume in ft. Vtt» ; H = heat content in Btu. /lb : 

S = entropy in Btu. /lb ®F.) 
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Table 10. — Bureau ok Staniurds T miles ok Frokekties ok Si KEUHEAiKn 

Ammonia Vapor. — (CoiUiiiucd.) 

(V = volume in ft. ^/\b ; H = heat content in Btn. /\h ; 

S = entropy in Btu. /Ih ^F.) 


7.407 

7.600 

7.7W 

7.983 

8.170 

&363 

8.636 

8.716 

8.896 

9.073 

9.860 

9.426 

9.602 

9.776 

9.960 
10. 12 
10.30 
10.47 
10.64 

10.81 

U.16 

11.60 

11.84 

18 


H 

4H.7 

616.0 

621.0 

026.9 

632.6 

63a3 

643.8 

649.3 
6618 
660.2 

635.6 
6710 

676.4 

681.8 

667.2 

692.6 
698.0 

703.3 

708.7 
7112 

719.6 

730.6 

741.4 

762.4 

763.6 


tJlM 

13175 

.3301 

.3422 

.3538 

L3650 

.3768 

.3863 

.3966 

.4066 

1.4103 

.4268 

.4362 

.4444 

.4534 

L4623 

.4711 

.4797 

.4883 

.490$ 

L6049 

.6212 

.6371 

.6626 

.6678 


46 

trjr 


im. 

4.m 

4\fjt 

tM4 

20 

8 213 

6188 

1.3036 

30 

8 377 

6216 

.3192 

40 

8638 

630.6 

.3283 

60 

8696 

8384 

L9398 

60 

8 661 

64t 1 

.3509 

70 

7.006 

647.7 

.3617 

60 

7. 167 

663.8 

.3721 

90 

7.808 

6689 

.3823 

too 

7.467 

6614 

1.8922 

110 

7.00$ 

669.8 

.4019 

120 

7.763 

878 8 

.4114 

180 

7.899 

680.7 

.4207 

140 

8046 

866.2 

.4299 

180 

8190 

69L6 

L4389 

100 

8836 

607.1 

.4477 

170 

8 479 

708 6 

.4664 

180 

1623 

707.9 

.4650 

190 

8766 

mi 

.4736 

too 

8609 

718 8 

1. 4816 

230 

9 194 

729.6 

.4961 

240 

9.477 

740.6 

.614J 

260 

9. 7C0 

751.9 

.6297 

200 

10 04 

763 0 

.8460 

800 

10 82 

7712 

1 6699 


7Ji7 

7.' 398* 
7. 68C 
7.770 

7. 952 
8.132 
8.310 
8.486 
6.661 

8.83$ 
9.008 
9.179 
9. 361 
9.621 

9.C91 

9.8GD 

10.03 

10.20 

10.36 

10.63 
10. 67 
IL20 
1L63 
11.86 


fin 

6.937 

8.896 

8.261 

8.4(H 

8.664 

8.702 
8.848 
8. 993 

7.137 

7.280 

7.421 

7.662 

7.702 

7.842 

7.961 

8119 

8267 

8396 

8 632 
8806 
9.077 
9.348 
9.619 

9 836 


(SatuntiiM lenfir^rurv In liftim 1 J 


39 



40 


Tfop. 

JOJJ* 



tl£4^ 


•F. 

U 

S 

r 1 

H 

S 


4\ia 



41S4 

tJiti 

SI. 






10 

620.7 

I.32C6 

7.203 

020.4 

1.3231 

20 

C2C 0 

.3367 

7.387 

620 3 

.3353 

30 

632.4 

.3504 

7.668 

632.1 

.3470 

40 

033.0 

1.3CIG 

7.746 

637.8 

].35$3 

60 

643.6 

.3724 

7.922 

641 4 

.3<i92 

60 

649.1 

.3630 

8. 096 

046.9 

. 3797 

70 

664 € 

.3932 

8 26S 

064.4 

.3900 

80 

660.1 

.4032 

8 439 

069.9 

.4000 

90 

066.6 

14130 

8609 

005.3 

1 4098 

100 

670.9 

.422$ 

8. 777 

6T0.7 

.4194 

no 

676. 3 

.4320 

8.946 

670. 1 

.4268 

120 

eSL7 

.4412 

9.112 

661 6 

.4331 

130 

687.1 

.4503 

9. 278 

086 9 

.4471 

140 

692 6 

L4592 

9.444 

092.3 

1 4561 

160 

$97.8 

. 4679 

9.C09 

097.7 

.4048 

160 

703.2 

.4766 

9.774 

703 1 

.4736 

170 

708.6 

.4861 

9 938 

708 6 

.4320 

180 

711 1 1 

.493$ 

10.10 

714.0 

.4904 

190 

719.6 

16018 

10.27 

719.4 

1. 4937 

200 

730.4 

.6181 

10 69 

1 730.3 

.6150 

220 

741.3 

.6340 

10.92 

741 3 

.6309 

240 

76Z4 

. 6496 

11. 24 

752 3 

.640$ 

200 

763.6 

.6647 

11.66 

763.4 

.6017 

280 

48 



50 



/9J0* 



tt3t* 



Ur.r 

tmi 

4319' 

iru 

i49S9 

S4l. 

617.6 

1.2976 




20 

6210 

.3103 

8 838 

023.4 

1. 3046 

'30 

630.0 

.3226 

6.968 

629.6 

.3109 

40 

636.9 

L3341 

6.136 

635 4 

1.3286 

60 

641.6 

.3463 

6. 280 

041.2 

.3399 

CO 

647.3 

.3661 

$.423 

040 9 

.3508 

70 

662.9 

.3606 

8564 

052. 0 

.3013 

60 

6$86 

.3768 

6. 704 

668 2 

.3710 

90 

6610 

L386S 

8 843 

003.7 

1.3610 

100 

669.8 

.3906 

6.960 

009.2 

.3914 

110 

676.0 

.4001 

7.117 

C74.7 

.4009 

120 

630. 8 

.4164 

7. 262 

060.2 

.4103 

130 

688.9 

.4246 

7.387 

686.7 

.4193 

140 

691.4 

14336 

7.621 

691. 1 

1.4280 

160 

698 3 

.4426 

7.666 

696.6 

.4374 

ICO 

702.3 

.4512 

7. 788 

702.1 

.4462 

170 

707.7 

.4598 

7.921 

707.6 

.4648 

180 

718 2 

.4683 

8063 

713.0 

.4633 

190 

718 7 

L4766 

8 16$ 

718.6 

1.4710 

200 

729 t 

^ .4930 

1446 

729.4 

.4830 

220 

740. ( 

i .5090 

8 710 

740.6 

.6040 

240 

761. 7 

. 6240 

8 970 

751.0 

.6197 

260 

7CZS 

» .6399 

9.230 

702 7 

.6350 

280 

7711 

1.6648 

9. ii9 

774-0 

1.6$00 

800 
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PRINCIPLES OF REFRIGERATION 


\ni I 1(1 IJi ki-Ar lit SrAXiiAKUb Taui.ks of Propumies of Si-hekheatk.i) 

Ammonia \'AK>k- (Coiitiiuiccl.) 

( \' vuluine in ft. ^/H> : H heat content in Ptii. /Ih ; 

S — entrojiy in Btii. /tt) ‘"F.) 


1 — 


Ateo]iji»pr«ssw« 

^D • 

(Svtuntlos uwptnt 

UYCA Ifl il«UC9 ) 

1 

1 

1 

50 

itff* 

52 

tS 4A* 

54 

T.|.p 

1 

y 

B 1 

S 

V 

U 

S 

1 

H 

$ 

1 

1 501. 

1 30 

1 40 

1 60 

1 eo 

1 70 

1 ISO 

1 90 

1 100 

1 110 

1 120 

1 130 

1 140 

1 160 

1 160 

1 170 

1 180 

1 190 

1 200 

1 210 

1 220 

1 240 

1 260 

1 280 

1 300 

i.7i0 

b 

6. 6^ 

C. 136 

6 280 

6 423 
6.604 

6 704 

0.643 

6 980 

7 117 
7.262 

7. 087 

7 621 

7' 066 

7. m 

7 921 
S.063 

6 m 

8.317 
&446 
a 710 
a 070 

9.230 

9.489 

€ltJ 

621 4 
€29 6 

036 4 
641 2 
046 9 
C62 6 
068 2 

603 7 
689 2 
674 7 
680 2 
086.7 

691.1 
€96 6 
7031 

707.6 
713 0 

Tiae 
724 0 
729.4 

740.6 

761.6 

762 7 
774.0 

1 3046 
.3189 

1. 32K6 
. 3399 
.3608 
.3613 
.3716 

1 3810 
.3914 
.4009 
.4103 
.4196 

1.42^6 

.4374 

.4462 

.4648 

.4633 

1.471$ 

.4799 

.4880 

.6040 

.6197 

L6360 

1 .6600 

6 699 

6 744 

6 887 
t 027 

6 166 
$ 302 
$.437 

6 671 

C 704 
$ 836 
$.96$ 

7. 096 

7. 225 

7. 364 
7.483 

7 $n 

7.73$ 

7. $66 
7. 992 

a lie 

8 370 

a $21 

8 871 
9.120 

619 7 

€22 8 
€29.0 

634.9 

040.8 
€46 6 
062.2 
$67.8 

€63.4 
0689 
674.4 
679 9 
$86.4 

690.9 
606. 4 

701.8 
707 3 

712.8 

7183 
723-8 
729 3 

740.3 

761.4 

762 $ 
778 8 

1 2991 
.3114 

1. 3231 
.3340 
.3456 
.3662 
.36$6 

137$$ 

.3804 

.3960 

.4064 

.4146 

1. 4237 
.4326 
.4413 
.4600 
.4686 

1. 4606 
.4761 
.4833 
.4093 
.6149 

L6303 

.6463 

t io» 

6 37$ 
6.619 

6 667 
6.793 

6 927 

6 069 

6. 190 

$ 3)9 
6.447 
a 676 
€. 701 
a 827 

$.962 

7.07$ 

7.200 

7. 323 
7.446 

• 7.6G9 

7 091 
7.813 
8066 

8 298 

8 639 
8.779 

622 2 
628 4 

634 4 
€40 3 
$46 1 
661 8 
667. 5 

063.1 
$6$ $ 
674. 2 
679 7 
686. 2 

€90 7 
$981 

701.6 
707 1 

712.6 

718 1 

723.6 
729 1 

740.2 

761.3 

762 5 
773. 7 

ijr6 

1.2937 

.m2 

1 3181 
.3296 
.3406 
.3613 
.3616 

1 3717 
.3616 
.3912 
.4006 
.4099 

1.4190 
. 4279 
.4367 
.4463 
.4538 

1. 4622 
.4706 
. 4787 
.4947 
.6104 

1. 6267 ' 
.6407 

a«i' 1 

30 1 

40 

60 1 

€0 1 
70 1 
80 1 
90 1 

100 1 

1 no 1 
120 1 
130 1 

140 1 

160 1 
ICO 1 
170 1 
180 1 
190 

200 

210 

290 1 
240 1 
260 1 

280 1 
300 1 



60 

^.fj* 


62 

91.76* 


64 

99.ir 




1 40 

1 60 

1 00 

1 70 

1 60 

1 ^ 
100 

1 110 

1 120 
130 

1 140 

1 160 

100 

1 170 

1 160 

I i90 
200 

1 210 
220 
230 

1 210 

1 280 

1 280 

1 300 

4 933 

6.000 
6.164 
5.307 
6. 428 
6.647 

4066 
4 781 
6. 897 
6.012 
6.126 

6 239 
6 162 
6.484 
a 676 
0 $87 

a 798 
6.909 
7.019 
7.129 
7.238 

7 . 4S7 
7.07S 
7 892 

ttOf 

626.8 

$32.9 
639 0 
$44.9 

650.7 
666 4 

662.1 

667.7 

673.3 
678 9 

684.4 

$69 9 

696.6 
70L0 
708 6 
7U.0 

717.5 

723.1 
728 6 

734. 1 

759.7 

760.9 
762 1 
773 3 

ijfsr 

1.2913 

L3036 

.3162 

.3266 

,3373' 

.3479 

1. 3681 
.3661 
,377$ 
.3873 
.396$ 

1.4068 

.4148 

.4236 

.4323 

.4409 

1.4493 

.4676 

.4668 

.4739 

4819 

1. 4976 
6130 
.6281 

IW 
8 762 

4.88$ 
$. 007 
6. 127 

6. 244 
6.360 

$.474 
8 688 
$.700 
8 811 
8922 

a 032 
a 142 
a260 
a 359 
a 467 

a $74 
aesi 

8 788 
a 896 
7.001 

7. 213 
7 424 
7.634 

$28 2 
$32.4 
038 6 
$44.4 
$60.3 
$66.0 

661.7 
667.4 
$780 
678$ 
684.2 

7 

696 2 
700 8 
7083 

711.8 

717 3 
722 9 
728 4 
734-0 

739.6 

760.7 
761 9 
773 2 

iJTU 

t2866 

1.2989 

.3107 

.3220 

.3330 

.3436 

L3638 

.3638 

.3736 

.3831 

.3926 

14017 

.4107 

.4196 

.4282 

.4368 

1.4463 

.4536 

.4618 

.4699 

.4779 

1. 4937 
.6091 
624J 

aio2 

4. 723 
4 842 
4.968 
6.072 
6.186 

829$ 
8 40$ 
6.616 
8 624 
8 731 

6.838 
8 944 
$.060 
a 156 
8 260 

e.3$4 
a 408 
8 672 
a 676 
8 77$ 

a 984 
7. 1$8 
7. 392 

49tJ 

626.6 

631.9 
6380 

644.0 

649.9 
666.7 

661.4 

667.1 
678 7 

078.3 
663 9 

6$9.6 

696.0 

700.6 
706-1 

711.6 

717.2 

722.7 
7283 

733.8 

739.4 

760 6 

761 6 
773 1 

tJ7SS 

L2820 

t2944 

.3063 

,3177 

.3287 

.3393 

1.3496 

.3597 

.3696' 

.3791 

.3586 

1-3977 

.4067 

.416$ 

. 4243 
.4329 

t4413 

.4497 

.4679 

.4$€0 

.4741 

L4898 

6062 

.6203 

SH. 1 
40 1 
60 1 
60 

70 1 
80 1 
90 1 

100 1 

110 1 
120 

130 1 
140 

160 1 
160 1 
170 

180 1 
190 

200 

210 

220 

230 

240 

260 

260 

300 
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r Aiii.F 10 — Bureau oe Stajs'harus Tahi.es ok rRoncHi iEs i>k Sui-i kiik \ i i o 

Ammonia Vapor.— (Continued.) 

( V = volume in ft. ^/Ib ; H = heat content in Htii. , II > ; 

S = entropy in Btii. /lb 'F. ) 


AbMlut« pftisur* ka kbsVUk.* UBp«r«tur» U> kulks \ 




100 

no 

120 

130 

140 


0.172 

6.310 

6.444 
&676 
6.700 
6.634 
6. 900 

6.065 
6. 209 
6.333 
6.455 
6.676 

6. 607 
6.817 

6. 937 

7.066 
7. 175 

7.294 

7.412 

7. 629 
7.764 
7.998 

8.230 

1462 


i452 

1570 
1686 
4.799 
4.910 
6. 020 

1129 
1236 
1342 
1447 
.1 662 

1656 

1769 

1662 

1964 

1066 

1167 

6.268 

1869 

1470 

1670 

1769 
1966 
7. 166 


a 

$if.r 

621.6 

627.9 

633.9 

639.9 
115 7 

651.4 

667. 1 

662.7 

6613 

673.9 

670.4 
6S19 

690.4 
095. 9 

701.4 

706.9 
7114 

717.9 

723.4 
723:9 
740 0 

761.1 

702 3 
773.6 


tlSJ 

625.1 

631.4 

637.6 

643.6 

649.6 
655.3 

66L1 
666.8 
672 4 
6710 

683.6 

689.2 
6946 

700.3 
7019 
7U4 

717.0 
7216 

728. 1 

733.7 

739.2 

760 4 

761.7 
773.0 


tMU 

1.2884 

.3011 

1.3131 

.3246 

,3357 

.3406 

.3569 

1.3670 
. 3769 
.3660 
.3961 
.4053 

1.4H4 
.4234 
. 4322 
.4408 
.4494 

L4578 
.4661 
.4743 
. 4903,1 
.6060 

1. 6213 
.6304 


ijm 

127/5 

12900 

.3020 

.3135 

.3245 

.3352 

134S6 

.3557 

.3655 

.3751 

.3846 

13938 

.4028 

.4117 

.4206 

.4291 

14375 

.4459 

.4541 

.462) 

.4703 

14661 

.6015 

.5166 


iMi 

1981 
5 115 

5 245 
6.373 

5 499 

6 624 

5 740 

6.868 

6 988 
6 107 
6 226 
0 343 

6 460 
5 577 
6.692 
0.808 
6.923 

7. 037 
7. 151 
7.265 
7.492 
7.718 

7 943 
5 167 


1310 

1426 

1639 

1650 

1756 

1605 

4.971 
6 075 
6 179 
6.281 
5383 

5464 
5685 
5685 
5 784 
6.683 

5 982 
5060 
6. 179 
6. 276 
5 373 

5 667 
5 700 
5 952 


58 

njT 

60 

Stir 


" 1 

S 

V 

H 1 

S 



IJSIS 


ftos 

■ I17t? 

StI. 

621.0 

1. 2634 




30 

627.3 

.2901 

193^ 


12913 

40 

633 4 

1 3082 

5 060 

032 9 

') 3035 

50 

639.4 

.3199 

5 184 

630 0 

.3152 1 

60 

645 3 

.3310 

5.307 

644.9 

.3205 ' 

70 

651.1 

.3416 

5 42$ 

660 7 

.3373 

80 

0558 

.3523 

5547 

GS6.4 

.3179 

90 

€62.4 

1 3025 

5 065 

€02 1 

1.3581 

100 

668.0 

.3724 

6 781 

€67. 7 

.'3681 

no 

673 6 

.3621 

6.097 

673 3 

.3778 

120 

679. 1 

.3916 

6.012 

1 676 9 

.3873 

130 

6817 

.4009 

6'126 

08<4 

.3900 

140 

€90 2 

14100 

6 239 

1 680.9 

1 4058 

150 

€957 

.4190 

6 352 

096 6 

.4148 

160 

701.2 

.‘4278 

6. 464 

701. 0 

.4230 

no 

705 7 

.4306 

5 576 

700.5 

.4323 

160 

712.2 

.4460 

5 687 

712.0 

.4400 

190 

717 7 

L4536' 

6 798 

717.6 

14403 

200 

723.2 

.4016 

C 909 

723 1 

. 4576 

210 

728.8 

.4700 

7.010 

728.6 

.4658 

2*20 

735 9 

.4660 

7. 238 

739.7 

.4819 

240 

75LO| 

.6017 

7. 467 

750.9 

.4970 

2G0 

762. 2 1 

.6171 

7. 675 

702 1 

1 5130 

280 

773.5' 

1 

.5321 

7.892 

773 3 

.52ol 

300 




Vo 



stir 



S7.7<r 



CftO 

tMk 

4.14/ 

ttu 

>MH 

5c/. 

6215 

12731 

i 177 

623.9 

12088 

40 

030 9 

1 2868 

<290 

630 4 

1 2‘^10 

50 

037. 1 

.2'J76 

< 401 

€30 € 

. 2937 

00 

643 2 

.3094 

<509 

64Z7 

\3054 

70 

049. 1 

.3206 

<CI5 

€45 7 

.3106 

60 

655.0 

• 

.3312 

<719 

05<6 

.3274 

90 

600.7 

134)7 

<822 

€00.4 

1 3378 

100 

€656 

.3518 

<024 

666. 1 

.3460 

no 

671 1 

.3017 

5 025 

6718 

.3570 

120 

677.8 

.3713 

5 125 

677.5 

.3676 

130 

$63.4 

.3807 

6. 224 

663 1 

.3770 

140 

699.0 

13900 

5 323 

688.7 

1. 3803 

150 

6915 

.3901 

5 420 

694.3 

.3954 

160 

700,1 

.4080 

5 616 

699,9 

,4^3 

170 

705 7 

.4167 

5 615 

705 6 

.4131 

l80 

7112 

.4254 

5.711 

7110 

. 4217 

190 

715 8 

14338 

5 807 

716 6 

14302 

200 

725 3 

.4422 

5 902 

722.2 

.43«C 

210 

727. 9 

.4506 

5 906 

727.7 

.4409 

220 

735 5 

.45H0 

5 003 

733. 3 

.4550 

230 

735 1 

.4eC6 

5 187 

735 9 

. 4031 

240 

765 3 

1 4824 

5 376 

750. 1 

1 4769 

280 

761 5 

.4079 

6 563 

761 4 

. 4943 

280 

772 8 

.6130 

6 750 

772 7 

.5095 

300 
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PRINCIPLES OF REFRIGERATION 


% 


T,\ri.K 10 .--lU KKAr w Siani-akos TAnl.E^i ok Properties of Superheated 

Am monia \ Ai-oR.~(Co!ilim>od ) 

( \' vi-ltiiiK- in fl. /It); H ^ luat content in Btn. /tt) ; 

S “ iMtnipy in I*lu. /n> ^1‘.) 


Ab»olu praaM/« lo (bsvto .* 


100 

no 

120 

130 

140 


^0 

2io 


75 1 

1 

80 

V 

J7 

S 

V 

n 


0tSJ 

I1S» 

9JU 

0t4J> 

5 982 

629.1 

12715 

3 712 

627 7 

4 087 

635.5 

2839 

3.812 

634 3 

4 189 

641 7 

2957 

3.909 

640 6 

4 289 

647.7 

9071 

4005 

6457 

4 386 

653.7 

3180 

4098 

652 S 

4 485 

659. 6 

1. 3286 

i 190 

658.7 

4 581 

665. 4 

.3389 

4 281 

664 0 

4 676 

671. 1 

.3489 

4 871 

670 4 

4 770 

676. 8 

3586 

4 460 

676. t 

4663 

6SZ6 

.3682 

4548 

681. 8 

4 956 

685 1 

L3775 

4635 

687.5 

5 048 

693 7 

.9866 

4 722 

693. 2 

6 139 

699.3 

3956 

4 808 

695 8 

5 230 

704 9 

.4044 

4 893 

704 4 

6. 320 

710.5 

.4131 

4 978 

710.0 

S 410 

716.1 

L42J7 

5063 

715 6 

5 500 

721.7 

.4301 

5 147 

72L3 

5. 689 

727.9 

.4384 

5 231 

726. 9 

5 678 

732 9 

.4466 

5 315 

732 5 

5 767 

738 5 

.4546 

5 398 

738 1 

6 855 

744 1 

L 4625 

5 462 

743 8 

5 943 

749. 8 

.4705 

5.565 

749. 4 

1 119 

761. 1 

.4860 

5 730 

700. 7 

5294 

772 4 

.6011 

5 894 

772 1 


a 


iisii 

1. 2619 
.2745 
.2866 
.2951 
.3092 

L3199 

.3303 

.3404 

.3502 

3598 

L3$92 

.3784 

.3874 

.3963 

.4050 

14138 

.4220 

.4304 

.4386 

.4467 

L4547 

.4626 

.4781 

.4933 


3. 473 
3.569 
3. 602 
$.753 
3.842 

3.930 
4,016 
1 101 
4. 188 
4.269 

4352 
4 434 
4 515 
4 896 
4 877 

4 767 
4 836 

4 918 
4995 

5 074 

5. 152 
6. 230 
5.386 
5 541 


n 


9fit 

628 4 
633.0 

639.5 

645.7 
8516 

657.8 

663.6 

669.6 
675 4 
68L2 

6859 
695 6 
698.2 

703.9 
709.5 

715 2 
720 6 

726.4 
732 1 

737.7 

743-4 

749.0 

760.4 
77L8 


1.2527 

.2666 

.2779 

2896 

.3006 

13117 

.3221 

.9323 

.9422 

.3519 

13614 

.3706 

.3797 

.3886 

,3974 

L4060 

.4145 

.4223 

.4311 

.4392 

L4472 

.4551 

.4707 

.4659 


100 

m.os* 




tJSM 

iJ/f 

3 068 

6350 

L2539 

2907 

5 149 

642 6 

2661 

2986 

5227 

649 0 

.2778 

3 061 

5 304 

655.2 

L2S91 

3135 

8 880 

6643 

.2999 

3 208 

5 454 

667.3 

.8104 

3 279 

^ 627 

673.3 

.3206 

3350 

5600 

679.2 

.3305 

3 419 

8 672 

6850 

43401 

3 488 

5 743 

690.8 

.3495 

3656 

X 813 

695 6 

.3588 

3.623 

1 883 

702 3 

.3678 

3 690 

3. 952 

705 0 

.3767 

3 767 

4 021 

715 7 

LS854 

3 823 

4090 

719.4 

.3940 

3888 

4 158 

7251 

.4024 

3 964 

4226 

735 8 

.4108 

5 019 

4294 

735 6 

.4190 

5083 

4 361 

742 2 

4 4271 

5148 

4428 

747.9 

.4350 

5 212 

4 495 

763 6 

.4429 

4.276 

4 562 

759.4 

. 4507 

4.340 

4629 

7651 

.4684 

5403 

4695 

770 8 

1. 4660 

5466 


ifra 

634 9 

641.5 
6450 

6543 

6655 

6656 
672 6 
675 6 

6644 
695 2 
6950 
70L6 

707.6 

715 3 
719.0 
724 7 
795 4 
7351 

741.9 

747.6 
755 3 
765 0 
7618 

775 5 


no 

H* 


fjsrt 
L 2464 
2589 
2708 

52822 

..2931 

3037 

.3139 

3239 

L3336 

.3431 

.3524 

.3615 

.3704 

L3792 
.3878 
.3963 
. 4046 
. 4129 

L42I0 
.4290 
.4369 
.4447 
. 4524 

L4600 


IJM 

itrj 

2761 

6337 

2 637 

6435 

2 910 

847.0 

2 981 

6534 

3 061 

659.7 

3120 

666.8 

3188 

67L9 

3256 

677.8 

3 321 

6837 

3386 

, 689.6 

1451 

6934 

3 515 

704 2 

3 579 

707.0 

3 642 

712 8 

3 705 

713 6 

3 768 

725 3 

3830 

730 0 

3 892 

733 7 

3954 

7416 

5 016 

747,2 

5 076 

762 9 

5137 

763 7 

5198 

765 6 

5259 

770 2 ; 


ijrri 

L 2392 
2519 
2640 

L2756 

.2866 

.2972 

3076 

.3176 

L3274 

.3370 

.3463 

.3555 

.3644 

L3732 

.9819 

.3901 

.3986 

.4070 

1.4151 

.4232 

.4311 

.4989 

.4466 

L4543 
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Tahi.f. 10. — Bureau of Stanharus Tables of pRorFJtriEs ok SuPKKUEArKi' 

A M MON lA V ATOR.— (Coiitiinicd. ) 

(V = volume in ft. VHJ ; H = heat content in Btu. /Il> : 

S = entropy in Btu. /lb *F.) 
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PRINCIPLES OF REFRIGERATION 


I'ahi.k 10 


Bukkac (•> 
A 


SrANi'\Ki'> 'l .\ri» OK 1 ’kopk.utif.s of 
MMONIA \ AroR.- ( Coiitimicd. ) 


SI'PKBHKATKI) 


( \' volume in ft : H = Heat content in Blu. /H> ; 
S “ entropy in Btii. /tt> ^F.) 
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4 

TaBI-K lu.— HuRKAI' ok StaXHARDS TaBLK!> ok PROrKRTIKS OK Sri-KRIlKAim 

Ammonia Vapor.— (Contimied.) 

( V = volume in ft. •'’/lb ; H = heat content in Rtu. /Hi ; 

S = entropy in Btu. /lb 'F.) 




PRINCIPLES OF REFRIGERATION 


BI.K 10 — IU rKAC of STANHARUS TaBI-KS 01- pKOPWTlES OF Sl'PKRHEATED 

A M MONIA Vapor.— ( Contimicd. ) 

(\’ volume in ft. -Vlh; H = beat content in Btii. /«>; 

S = entropy in Btii. /tb ®F.) 
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Table 10,— Bureau of Standards Tables of Properties of Supkkukated 

Ammonia Vapor. — (Concluded.) 

(V = volume in ft. ^/tb; H = heat content in B.t.u. /lb; 

S = entropy in B.t.u. /tb °F.) 


*T. 


1 A8solut« prcBcir* \ a 1b«7l(i.> ( S»t vcftCOQ teap^r^iuro Ift | 

230 240 

tosar 

250 

now* 


69t. 


XJ09 

vm 

1.370 

1.410 

1. 440 

1. 4$7 
1524 
1.35$ 
1.394 
1.62$ 

1.663 

1 6$e 

L729 
1762 
1. 794 

1.826 

1837 

1 . 88 $ 

1.920 

1.931 

L982 
2.0U 
a 103 

z m 

2.222 


<04 

637.4 
643 4 
.633. 1 

660.4 

687.6 

674.3 

681.3 
687.9 
6H4 

700 9 

707.2 
713 3 
719.8 
726.0 

732 1 

731.3 

744.4 
730.3 
766 6 

762 6 

774.7 

788.8 

798.9 
6U 1 


f.mi 

1.1700 
.1840 
. 1971 
.2093 

L2213 
.2323 
. 2434 
.2338 
.2640 

12738 

.2834 

.2927 

.3018 

.3107 

13196 

.3281 

.3363 

.3448 

.3630 

13610 

.3767 

.3921 

.4070 

.4217 


tin 

1261 
1302 
1342 
1 380 

1416 

1432 

1.487 

1S21 

1364 

1387 
1 619 
1661 
1683 
1714 

1746 

1 776 
1803 
1.833 
1863 

1896 

1964 

2 012 
2 0C9 
2.126 


CUi 

636.3 
643 3 
6513 
$688 

666.1 
673 1 
680.0 

686.7 

693.3 

699.8 
706.2 
712 6 
718 9 

726.1 

7313 

737.6 
743 6 

749.8 

765.9 

7620 

774. 1 
786 3 

798.4 

810.6 


tJM 

11621 

.1764 

.1898 

.2023 

12143 

.2239 

.2369 

.2473 

.2377 

12677 

.2773 

.2367 

.2939 

.3049 

13137 

.3224 

.3306 

.3392 

.3474 

13S64 

.3712 

.3868 

.4016 

.4163 


fio; 

1240 

1,278 

1316 

1.332 
1386 
1420 
1 463 
1 486 

1318 

L349 

1380 

1610 

1640 

1 670 
1699 
1729 
1738 
1786 

1816 

1872 

1.928 

1983 

2038 


<39.1 

*6413 

649.6 

657.2 

664 6 

671.8 
678 7 

683.3 
692 2 

696 8 

703.3 

711.7 
7180 
7213 

730.3 
736 7 
742 9 

749. 1 

735.2 

7613 

773.3 
785 7 

797.9 
810.1 


MM I Sat. 

1*1690' 

. 1827 
.1936 

1.2078 
.2193 
.2306 
.2414 
.2317 

1.2617 
.2713 
.2810 
2902 
.2993 

1 3061 
.3168 
.3263 
.3337 
.3420 

13301 
.3639 
.3814 
.3904 
.4111 




280 



290 


1 

300 

1 






tn.m* 



/« fj* 


S4t. 

tmt 

<)li> 


im 


t.HH 

om 

9na 

t.tits 

120 

1 078 

633 4 

L1473 






130 

140 

L 113 

64iO 

.1621 

1068 

642 1 

11334 

1023 

648 1 ' 

1 l<87 

1 161 

652 2 

.1739 

1103 

630.3 

.1693 

1068 

648 7 

W vSrI 

.1632 

ISO 

1184 

660.1 

LI888 

1136 

6383 

11827 

109) 

636 9 

1 1787 

160 

1 217 

667.6 

.2011 

1 168 

608 1 

.1962 

1 123 

664 7 1 

I89< 

170 

1 249 

674.9 

.2127 

1199 

673 3 

.2070 

1 133 

672 2 

.2014 

180 

1. 279 

681.9 

.2239 

1229 

680.7 

.2183 

1 183 

679 3 

2129 

100 

1309 

6889 

.2346 

1239 

687.7 

.2292 

1211 

688 3 

.2239 

200 

1 339 

693.6 

12449 

1287 

6916 

12396 

1239 

699 3 

L 2344 

210 

1367 

702 3 

.2360 

1313 

7019 

.2497 

1267 

700 3 

2447 

220 

AA A 

1 396 

708 8 

.2647 

1.343 

707 9 

.2696 

1294 

7089 

1 M V V t 

. 2346 

230 

1424 

713. S 

. 2742 

1970 

7114 

.2691 

1920 

713 3 

2842 

240 

1 451 

7218 

.2834 

1397 

720.9 

.2784 

1346 

720.0 

¥ wm 

,2736 

ISO 

260 

270 

280 

290 

1478 

1603 

1332 

1336 

1384 

7281 
7H4 
740 7 
747.0 
733.2 

12924 

.9018 

.3099 

.3181 

.3268 

1423 

1449 

1473 

1301 

1326 

727.9 
733.7 
740 0 
748 3 
732 3 

12876 

.2964 

.3031 

.3137 

.3221 

1372 
1.397 
1 422 
1447 
1472 

728 3 
732 9 
739.2 
74S 5 
7318 

12827 

-2917 

.3004 

.3000 

.3176 

800 

34) 

340 

360 

3R0 

1610 
1661 
1712 
1 762 
1811 

738 4 
7717 
7810 
798 3 
8087 

13330 

.3311 

.3667 

.3819 

.3907 

1531 

1601 

1 G30 
1698 
1 747 

738 7 
77L 1 
763 3 
793 8 
6082 

19303 

.3464 

.3621 

.3773 

.3922 

1490 

1344 

1392 

1 639 
1086 

738 1 

770.6 
782 8 
793.3 

807.7 

13237 

.3419 

.3376 

.3729 

.3876 

400 

1861 

821.0 

14112 

L794 

820.3 

14067 

1.732 

820. 1 

1. 4024 


M. 


230 

260 

270 

280 

290 

800 

320 

340 

360 

380 

400 



§ 


T«ap 


Pw'iifO 


Temp. 


Oft *® 
lb to > 


10 92 * 
0 01 

5 87 
7 80 

6 60 

5 45 
4 2 ^^ 
2 03 


Lii^uid 

rivib . 

»’/ 


Ih./ft * I 



17.55 
18 37 

19.20 
20 0 $ 
20.98 
21.91 
22.87 

23 87 

24 89 
25.96 

6 t 28.61 
6 27 05 
8 28.18 

to 29.35 
12 30.56 

31.80 
33 08 
34.40 

35.75 

37.15 

38.58 
40.07 

41.59 

43.16 
44.77 
46.42 
48.13 
49 . 88 i 

51.68 
53.51 
55.40 
57.85 
59.35 

61.39 
63.49 
65.53 
67.84 
70.10 


70 
72 

76 93 
78 



I 


|R 


HR 


HR 

mi 

HR 

tSl 


58 
31 
2 07 
2 85 
3.67 

4 50 

5 38 

6 28 
7.21 
8 


0.19 

1.26 

1.81 

2.35 

3.48 

4 65 
5.80 


18 38 
19.70 

21.05 

22.45 

23.88 
25.37 

26.89 

28 46 
30.07 
31.72 
33.43 
35.18 

36.98 
38 81 

40.70 
42.55 
44.65 

46.69 

48.79 
50.93 

53.14 
55.40 

57.71 
60.07 
62.60 
64.97 
67.54 

70.13 

72.80 
75.60 
78.30 

81.15 

84.06 


m 

m 

|R 

Q 

|R 




V 



3 911 
3 . 727 . 
3.553 
3 389 
3 234 

3 088 
2 9.50 
2 820 
2 008 
2 583 

2 474 
2.370 
2 271 
2.177 
2 088 

2 003 


0115 
.0 

5 

6 


04 58 
94 39 
94 20 
93 99 
93 79 

93 59 
93 39 
93.18 
92.98 
92.78 

92 58 
02.38 
92 18 
91 07 
01 77 

91.57 
91.35 
91.14 
90 93 
90.72 

90.52 

90.31 

90.11 

90.00 

89 . 88 * 

80.68 

89 45 
89.24 
89.03 
88.81 

86.58 


.2815 

.2951 


0 3238 
.3390 
3546 
.3706 
.3871 



. 4 ^ S 93 

.4789 

0 4993 
.5203 





0.673 

.652 

.632 

.612 


86.10 

85.68 

85.66 

85.43 

85.19 

84.94 

84.71 

84.50 

84.28 

84.04 



0 

0 40 
0 81 

1 21 
1.62 

2.03 
2.44 
2 85 
3 . 2.5 
3.66 



0.493 

.479 

.464 

.451 

.438 


82.60 

82.37 

82.12 

81.87 

81.62 


1.740 

1.795 

1.851 


1.968 

2.028 

2.090 

2.153 

2.218 

2 . 2 S 4 


2.12 

2.55 

3.00 

3.44 

13.88 

14.32 


8.38 

8.82 


19.72 

20.16 

20.64 

21.11 

21.57 

22.03 

22.49 

22.95 

23.42 

23 90 
24.37 
24.84 
25.32 
25.80 


73 SO 
73.34 
73 17 
73 01 
72.84 

72 67 
72.50 
72 33 
72-16 
71-98 

71 80 
71 63 
71.45 
71 27 
71.09 

70 91 
70.72 
70.53 
70 34 

70.15 

69.96 

69.77 
69.57 
69.47 
69 37 

69.17 

68.97 

68.77 
68.56 
68.35 

68.15 

67.94 

67.72 

67.51 

67.29 

67.07 

66.85 

66.62 

66.40 

66.17 
65 94 

65.71 

65.47 

65.24 
65.00 
64.74 

64 51 
64.27 
64.02 
63.77 
63.51 

63.25 
62.99 
62.73 

62.47 
62.20 

61.92 
61.65 


78.79 

78.90 

79.13 


0 

0 00094 
.00188 
.00282 
.00376 

0.00471 

.00565 

.00659 

.00753 

.00846 

I 

0.00940 

.01033 

.01126 

.01218 

.01310 

0.01403 

.01496 

.01589 

.01682 

.01775 

0 01869 
.01961 
.02062 
.02097 
.02143 
.02235 


79 36 0 02326 
79.59 .02419 
79.82 .02510 
SO . 05 .02601 
80.27 .02692 


80.49 
80.72 

81.17 

81.39 

81.61 
81.83 
82 05 
82.27 

82.49 

82.71 
82 93 
83.15 
83.36 
83.57 


.02783 

.02873 

.02963 

.03053 

.03143 

03233 
.03323 
.03413 
.03 
.03591 


.04037 


7015 

7001 

6987 

6974 

6961 

6949 

6938 

6926 



6823 

6813 


S 3.78 0.04126 


83.99 

84.20 

84.41 

84.62 

84.82 

85.02 

85.22 

85.42 

85.62 

85.82 

86.02 

86.22 

86.42 
86.61 


.04215 

.04304 

.04392 

.04480 

1.04568 

.04657 

.01745 

.04833 

.04921 

.05009 

.05097 

.05185 

.05272 

.05359 



0.425 81 39 2.353 




» ♦ 


♦ V 
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Table 11.— F12, Dichlorodikluoromkthane (ICI.I-;!. 
Properties ok Saturateb X’apiir. — (ConchukMl.) 















































mot) 
-iO 4 669 

4 084 
^20 4 799 
-10 4 914 

0 5 028 
10 5 142 
‘20 5 257 
30 5 370 
40 5 4K4 

60 5 m 
r>0 5 711 
70 5 824 
HO 5 9:i8 
90 6 051 

100 6 165 
1 10 6 27K 
l‘>0 6 301 
130 D 504 
140 6 617 

150 6 730 
160 6 843 
170 6 055 
ISO 7 068 
100 7 181 

200 7 294 
210 7 407 
220 7 520 
2:u> 7 633 


Ab« Pre»*ur« I lb An * 
Gh» Pr««gr# IJ.4 


Ab* Pfe*»»uee 4 1b /in * 
11.4 m yx 
iSat'n Temp —41 4 * P ' 


Abs II Ib /m » 

Pr^«ur* 4.4 in «ac. 

I'cmp —37.)* P ) 



76 20 

77 54 

78 89 
80 26 
Ml 64 
H. i 02 

84 43 

85 85 
87 27 
HH 72 

90 18 

91 64 

93 13 

94 61 

96 13 

97 rA 
90 18 

100 73 

102 29 

103 87 
105 44 

107 05 

108 67 

no 28 

111 03 
U3 57 


8390 

8691 


19574 

19860 

20143 



24581 

248‘25 


M OJC) 

4 050 
4 152 
4 255 
4 357 

4 460 

4 562 
4 663 
4 766 
4 867 

4 969 

5 071 
5 171 


KsmI 


5 475 
5 576 
5 677 
5 778 
5 879 

5 979 

6 080 
6 180 
6 280 
0 380 

6 481 
6 581 
6 682 
6 782 


{rs $t) 



78 84 
80 20 

81 58 

82 OH 
84 39 

8.5 80 

87 24 

88 68 

00 13 
91 6U 

01 09 
94 50 

96 10 

97 63 

99 16 

100 70 
102 20 
103 84 
105 43 

107 03 

108 64 
110 26 
111 90 
113 55 


iC ir33n 

) 17576 
17884 
181HH 
184W 

> 18791 
190K4 

. 19374 
19661 
19945 

0 20227 
20505 
20779 
21051 
21321 

0 21588 
21853 
22116 
22.175 

0 228H9 
23143 
23394 
23645 
.23893 

0 24140 
.24384 
.24628 
24868 


<J«f) I {JSfiOi (OiUSC) 





4 00»> 

4 008 
4 180 
4 2HO 
4 371 

4 46.) 
4 S-'-O 
4 G4H 
4 740 
4 832 

4 023 

5 015 
5 107 
S 198 
5 280 

5 379 
5 470 
5 560 
5 650 
5 740 

5 831 

5 921 

6 011 
6 101 




74 77 0 17704 
70 I I 180OS 

77 40 18310 

78 81 0 


80 18 
HI 56 
82 94 

84 3.5 

85 77 
87 19 
8H 64 
90 11 
9) 58 


18905 

19194 

104H2 

10766 

20047 

20326 

20001 

20H74 

21144 


93 05 0 21411 
$4 56 21676 
96 07 21940 
97.50 .22199 
90 14 .22458 


100 66 

102 24 

103 81 
105 40 
107 00 


\ 22713 
.22067 
23218 
23409 
.23717 


108 63 0 23063 
no 25 .24208 
ni 88 24451 
113 53 24692 


temp. 



Ab« rf«4ag«p I) lb /in ' 

Pri^AufP S.l m v*£. 
(Sal'n T«tap.-*W0* F > 


AM. Prwigp* y 1^/'" * 

GihM Pkwupp I'l m. 

(3?i ti. T«BP -wr r.i 


Ab* Prmum M 1 b./in^ 

Cm* Pw«r* * Il'ich 

(*l'n. T«mp.— *•> 


3 093 
3 172 
3 250 

3.328 
3 405 
3 483 
3 560 
3.637 

3 714 

3 790 


iO.truf) 
0.17389 
.17695 
.37 I ,17908 

0.18209 
.18594 
.18884 
.19173 
.19458 



(f 470 


14 m» I 174 .4J> I iP i7$Ui 


88 59 
90.05 
91 52 


0 19739 
.20018 
.20203 
.20566 
.20836 


93 00 0.2U04 

94 50 .21367 
96 01 .21631 
97-53 .21891 
99.07 .22151 



100.02 0 22406 
102 18 22659 
103.75 - 22911 
105.34 .23162 
106 94 


108.55 0 23656 
110.18 .23901 


111.82 

113.47 

115.15 


.24144 

.24385 

.24626 


2 920 

2 992 

3 004 
3 136 
3 207 
3 278 
3 349 

3 420 
3.491 
3 562 
3.632 
3.703 

3.774 
3 844 
3 915 
3 986 


4 126 
4 106 
4 266 
4.337 
4.408 

4.478 

4 547 

4.617 


4.755 


75 98 
77.32 

78 69 
80 05 
81.43 
82 83 
84 23 

8.^ 66 
87.10 
88.54 

90 01 

91 48 

92 96 

94 47 

95 98 
97 50 
99 04 

100.59 
102 16 
103.73 
105 32 
106.92 

108.55 
110.16 
111 81 
113.45 
115.13 


.17556 

.17859 

1.18160 

.18455 

.18746 

19034 

19319 

) 19601 
.19880 
20156 
20428 
20099 

3 20967 
.21231 
.21495 
.21755 
.22014 

0 22270 
.22524 
.22775 
.23027 
.23276 

0.23523 

.23767 

.24011 

24252 

.24492 


2.706 
2 773 

2 841 

2 908 
2.974 

3 041 
3 107 

3 173 
3 239 
3 303 
3.369 
3 430 

3.501 
3 567 
3 633 
3 699 
3.763 

3.828 

3 894 
3.960 

4 025 
4.090 

4.15$ 
4.220 
4.285 


75 94 
77 28 

78.04 

80 pi 

81 40 

82 80 

84 21 

85 63 

87 06 

88 51 

89 97 
91 44 


3 383 
3 407 
3 6S1 

3 633 
3.719 
3 802 
3 887 

3 971 

4 055 
4 138 
4 221 
4 304 
4 388 

4 471 

4 553 
4 636 
4 718 
4 800 

4 882 

4 065. 

5 047 
5.130 
5 214 

5 297 
5.379 
5 462 
5 544 
5 626 


H 

5 


iO.iWt) 

yin 

3 17540 

76 06 

.17845 

77 40 

18146 

78 75 

0 18448 

80 12 

18742 

81 50 

.19032 

82 90 

.19320 

84 31 

19605 

85 73 

0 19887 

87 16 

20161 

88 61 

.20440 

90 07 

20711 

91 54 

20984 

93 03 

0 21251 


94 52 

96 03 

97 56 
99 09 


21515 

.2177H 

22037 

22290 


100 63 b 22561 


102 20 
101 78 

105 37 

106 97 


22805 

23057 

23308 

23557 


108.58 0.2.3801 


no 21 

111 85 
113 50 
115 18 


24040 

24201 

24532 

24773 


HSit) 1 


17427 

.17731 

18032 

18328 

18618 

18907 

19192 

1.19475 

.19753 

20028 

.20302 

20572 


92 93 0 20841 

94 43 .21106 

95 95 21360 

97 48 21630 

99.01 21889 


100 56 

102 13 

103 71 

105 30 

106 90 

108.52 

110.14 

111.78 


I 22144 
.22400 
.22651 
22902 
.23150 

) 23398 
.23643 
.23886 
.24128 
.24368 


2 521 
2 583 

2 646 
2 709 
2.771 
2 833 

2 895 

2.957 

3 019 
3 081 
3 143 
3 204 

3 266 
3.327 
3 388 
3.450 
3.510 

3.571 
3 632 
3 694 
3.755 
3 816 

3-877 
38 


75 89 9 

77 23 

78 50 0 

79 97 
81.37 
82 77 
84 18 


7913 
8! 

8' 

8 

10074 


^.60 0 1935.7 

87 03 .19635 

88 48 19911 

80.94 20)85 

91.41 ,2045j 


92.91 

94 41 

95 91 
97.44 
98 98 


1.20723 

.20989 

.21232 

.21513 

21772 


100 53 9 22028 
102.10 .22282 


103 68 
105.27 
106.87 


.22535 

.22786 

.23034 


4 350 113-44 -24128 

4:414 U5.U .24368 

4.479 116 79 9 24607 



108 49 0.23282 
110.12 .23527 


4.120 

4.181 


111.77 
113 42 
115.10 


.23770 

.24011 

.24253 


110.78 b 2^5^ 
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Table 12. — F12, Dichlorodiflvorometuane (CCUl';). 
Properties ok Superheated Vapor.— (C outhuicil.) 


T«mp. 



lat ftu) 

-10 


Abi. H lb /iA.* 

G*c« PrtMur* U lb /in.* 
(S»rB. Tmp.-llO* F.) 



(1170) 

2.417 

2.476 
2.536 
2.694 
2 652 
2.710 


77.20 

78 56 
79.94 
SI 33 
82 73 
S4 13 


{O.lltSi} 

.17498 

0 17800 
.18095 
.18387 
.18676 
.18962 


Aba. Prtitur* 17 lb /la.* 
C*c* PrcMcca ),) lb /in * 
(SM'n. Tttp.-U.V f.i 


Ab« PrMfturt U lb /in.* 
Gnf* rrcM'irv 1.7 lb /in * 
(bai n. Temp -12 F I 


it UO) 
2 268 

2 326 
2 382 
2 438 
2 493 
2 548 


(74 4(1 (9f7lli) 

77.15 3 17390 

78 52 D 17693 

79 90 .17990 

81 29 18283 

82 69 .18671 

84 10 18867 


2 137 

2 191 
2 244 
2 297 
2 350 
2 402 




8 

79 86 

81 24 

82 66 
84 06 


(0 i7m> 

0.17289 

0 17692 
.17889 
18181 
.1K471 
.18767 


Abe IV««urf lb /in* 

Cue I'rrmure 4.5 lb /in* 

(bal'n. Temp.— 10 $* F ) 



[tOlO) 
2 022 

2 072 
2 122 
2 )?2 
2 22*2 
2 272 



irem I (Oir/M) 
77 06 0.17195 


78 42 

79 80 

81 19 

82 00 
84 02 


0 17497 
.17794 
.18087 
. 18:176 
.18063 


2.763 
2 827 
2 886 

2 944 
3.002 

3.059 

3 117 
3 176 
3 232 
3.290 

3 347 
3 404 
3 461 
3 619 
3.676 

3 633 
3.600 
3 747 
3.K03 
3 860 


85.56 0.19244 


86 99 
88 45 
89.91 

91 39 

92 88 

94 38 

95 89 

97 42 

98 95 

100 50 

102 07 

103 65 
105.24 
106 85 

108 47 
110.10 
111 74 
U3.40 
115.07 


. 19624 
.19800 
.20076 
.20345 

1.20613 

.20879 

.21143 

.21403 

.21662 

). 21917 
.22172 
.22425 
.22677 
.22925 

0 23173 
23418 
.23662 
.23003 

1 .24143 


Terap, 



260 3.917 116.76 M. 24382 

260 I 



Ab». Praaiurc If lb An * 
Cu* Premure 5.5 lb An * 
(bal’a. T«mp.-I5* F.) 


inJ7) {O.mtC) 
78 39 0 17407 
79.76 .17704 

81.14 .17996 

82 65 .18286 

83 97 .18673 

86 40 3.18868 
86.85 .19138 
88.31 .19415 

89.78 .19688 

.19969 


92.76 
94.26 
95 78 

97 31 

98 85 

100 40 

101 97 
103 66 
105.16 
106 76 

108 38 
110.01 
111.66 

113 31 

114 98 

116 67 
118.36 
120 07 


2 343 
2.390 

2.437 
2.483 
2 530 
2.577 
2.623 

2 660 
2.716 
2 762 
2.808 
2.864 

2 901 
2 947 
2.992 
3.038 


3.130 

3-177 

3.223 


2 603 
2 658 
2 712 
2.767 
2 822 

2.876 
2 930 

2 984 

3 038 
3 092 

3.147 
3 201 
3 256 
3 310 
3 364 

3 417 
3 470 
3 524 
3 578 
3 632 

3 6S6 


85 52 

86 96 

88 41 

89 88 

91 36 

92 85 
94 35 

96 $6 

97 39 

98 93 


19140 

19420 

.19606 

19969 

.20241 

I 20610 
20774 
.21038 
.21298 
21558 


100 48 lO. 21814 
102 06 


103 63 
ICS 22 
106 82 


.22323 

.22574 

22822 


108 44 |0 23070 
23316 
.23568 
37 .23K00 

04 24041 

72 0 24279 
24517 


Abe. Prmeure 25 1b /lO* 
Gtc* Premure 9.5 lb /id> 
(8aI‘o. Temp -Si* F.) 



.23283 
.23624 
237 


1.779 
1 823 


1 909 
1 953 

1 997 
2.040 
2. 083 

2 126 
2.168 

2.211 
2.253 
2.296 
2 339 
2.381 

2 423 
2 465 
2.507 
2 550 
2 592 

2.634 
2.676 
2 717 
2.768 
2 800 

2 842 
2 884 
2 926 


iTT.m (pjfiif) 

78 30 K) .17 


79 68 

81 07 

82 48 

83 90 



7 

7 

8 

1840S 


8$ 33 0 18691 
86 78 .18971 
88.25 .19248 
89.71 .19522 
91.19 .19794 


2 454 
2 606 
2 558 
2 610 
2 662 

2 713 
2 704 
2 815 
2 867 
2 918 

2 969 

3 020 
3 072 
3 124 
'3 175 

3 226 
3 277 
3 327 
3 378 
3 428 


85 49 0 19041 


86 93 
88 38 
80 84 

91 32 

92 81 

94 32 

95 83 

97 36 

98 90 

100 45 
102 02 
103 00 

105 19 

106 80 


19321 

19597 

19872 

.20142 

20411 

20676 

2C941 

21201 

21462 

I 21717 
21971 
22223 
22177 
.22725 


92 68 

94 19 

95 71 

97 25 

98 80 


20064 


20595 

.20850 

21116 


100 36 D 21373 

101 92 .21628 


103.50 
10 $ 10 
100 71 

108 33 

109 96 
111.60 

113 26 

114 94 

116 62 
118 32 
120.04 


.21881 

.22133 

.22382 

I 22630 
.22876 
.23120 
.23361 
.23603 

23843 

.24080 

24316 


108 42 lO 22073 
23219 
.23461 
23703 
.23^ 

0 24182 
24420 


Abe Pfemure 54 lb /in ' 
Cm* Prre^ure 4.5 lb /in 
(Sal'n. Teaip 05* F) 



2 321 
2 371 
2 420 
2 460 
2 618 

2 567 
2 6)6 
2 666 
2 714 
2 763 

2 812 
2 861 
2 010 

2 966 

3 006 

3 054 
3 102 
3 160 
3 m 
3 246 

3.294 
3 342 


86 45 
86 00 

88 .35 

89 81 
91 29 


18040 
. 19220 
.19503 
19777 
.20047 


92 78 0 20317 

04 28 .20583 
95 SO .2aS47 
07 33 2)ias 

05 88 2136S 

100 43 0 21625 
102 00 21^ 


103 59 

105 IS 

106 78 


22133 

2*2384 

.22633 


lOS 39 0.22880 
no 02 .23126 


111 06 

113 31 

114 99 


.23369 

.23612 

.23852 


116 68 |0 24091 
118.37 .24327 


Alji Pmeure 54 lb /in * 
Ca4e Pnaiure II.J lb /in * 
fSal'n Temp 4 L* P.| 


((W) I i0.lf0S$] 


I 664 
1 705 
1 74$ 
1 785 

1 826 
1 865 
1 905 
I 944 

1 984 

2 023 
2 062 
2 101 
2 140 
2 179 

2 218 
2 257 
2 296 
2 335 
2 373 

2 412 
2 460 
2 489 
2 628 
2 664 

2.605 
2 644 
2 682 


79 59 

80 99 

82 40 

83 82 

85 26 

86 71 
H8 17 
89 64 



79 50 0.17233 

80 90 . 17529 
82.31 .17821 
83 74 18109 


20704 


03 45 
06 06 
06 66 

08 28 
09 92 



23214 

23455 


.23 

24169 


1 663 
1 900 
1 936 

1 972 
2.008 

2 046 
2.082 
2 117 
2 153 
2.189 

2.224 
2 269 
2.296 
2 331 
2.366 

2 402 
2 438 

2 474 


85.19 0 1S396 
86 64 18676 

HS 10 1S954 

89 57 
91.05 

92 55 10 19772 
94 06 

96 58 

97 12 

98 67 

100.23 10 21085 
101 80 

103 39 

104 99 
106 60 

1C8.23 10 mii 
109.86 

















































A 


T«a»P 
F 



aai n) 



1 415 
1 450 
1 4^ 

1 620 

I 555 
1 590 
1 625 
I 659 
1 603 

I 727 
1 761 
I 795 
1 82d 
1 602 

1 696 
1 930 
I 963 

1 097 

2 030 

2 063 
2 006 
2 120 
2 163 
2 196 

2 2‘29 
2 262 
2 295 
2 3« 


{79 iO) <0 

79 41 0.17099 

80 81 17393 

82 23 , 

S3 66 17975 


Temp 
r 



SS 11 10.18261 
86 66 , 

SS 03 I . 18823 
89.61 

90 99 193 

92 49 
04.01 
95 63 

97 07 . 20436 

98 62 2D60S 

100 18 0 20956 

101 75 21212 

103 33 .21466 

104.93 
106 5$ 

108 17 

109 81 


2319 



6 49 10 23430 


21 65 


81 90 lo 17227 
83.35 .17518 


S4 SI 0 17806 

86 27 .18089 

87 74 18369 

89 22 18647 

90 71 18921 


Ab« Pr«itgr* 3* lb /in • 
Cft4t PrMdurf 31.}lb /m* 
TfiDp 70.4' F ) 


(/ //I) 
1.140 
1 168 

1 196 
1 223 
1 250 
I 278 
1.305 

1 332 
1 359 
I 3K6 
1 412 

1 439 

1.465 
I 492 
1 5)8 
1 545 
1 571 

I 697 
1 623 
1 6.50 
1 076 
I 702 

I 728 
1.754 
1 780 
1 807 
1 833 


Aht Pr««»«*re M lb /in > 
Cm^ PreMu/ft /m ' 

iSM'a Temp III* F ) 



Ab«. PrMur* M lb /in ■ 
14.11b /in* 

(Snt’fi. T*mp. 17 4* F ) 



<1 SW 

I 350 
1 383 
1 415 

1 44S 
1 480 
1 512 
1 544 
1 576 

I m 
1 640 
1 672 
I 703 
1 735 

1 767 
I 799 
1 820 
1 860 
1 $91 

1 923 

1 954 
1.9S6 

2 017 
2 048 

2 079 
2 110 
2 Ml 
2 172 


(79i7i tim\ <W.«) 


92 22 0 19193 

93 75 .19462 

9528 .19729 

96 82 .19901 

98 37 20254 

99 93 0 20512 


lOJ 51 

103 11 

104 72 
106 34 


20770 

.21024 

21278 

.21528 



80 73 0 17269 
82 15 17562 

$3 58 17851 

S5 03 0 18138 

86 48 . 18420 

87 95 18699 

$9 43 18974 

90 91 . 19249 

92 41 0 19519 

93 93 . 19787 

95 46 20053 

97 00 20315 

98 54 20577 

100 11 0 20H36 ; 

101 69 21092 

103 28 21344 

161 88 21507 

106 49 21546 

168 12 0 22096 

109 76 22312 

111 41 22SSS 

1)3 08 22K30 

114 75 23072 

116 44 0 23312 

118 15 23550 

119 87 23787 

121 60 24023 


I 262 
I 293 
1 323 

1 354 
I 384 
I 414 
1 444 
1 474 

1 504 
1 535 
1 565 
1 595 
1 624 

1 654 
1 683 
1 713 
I 743 
I 772 

1 

1 H31 
1 S60 
I 889 
1 918 

1 948 

1 977 

2 006 
2 035 
2 065 


Ab«. rrMt«*r« 31 tb /in* 
FrM*gr«^.3lb/ir>* 
(Sat D. Tcap. » 2* F.l 


(J03II I (ION) {^i 9 i 4 n 
1 076 SI 82 0 17126 
83 27 1741$ 


84 72 0 17706 
8619 .17991 
87.67 -18272 
89 16 .18551 
90.66 .18826 



107 97 b 21778 
109 61 .22024 

.22270 
22513 
114.62 I .22756 

116 31 
118 02 
119 74 
12! 47 
123 22 


1 20 $ 
1.234 

1 260 
1 285 
1 310 
I 336 
1 361 

I 3S7 
1.412 
1 437 
1 462 
I 487 

1 512 
I 537 
1 562 
1 687 
1 612 

1 637 
1 662 
I 6S7 
I 712 
1 737 


92 17 

93 69 

95 22 

96 76 
9$ 32 


SO 67 0 17152 
820$ 17445 
83 51 17734 


84 96 

86 41 

87 88 

89 36 

90 85 

92 35 

93 87 

95 40 

96 94 
9$ 50 


0 18022 
18304 
18583 
.18860 
.19133 

0 1^404 
.19673 
19940 
20202 


100 06 0 20721 


101 64 

103 23 

104 83 
106 45 


.20977 

21232 

.21486 

.21735 


108 08 0 21985 

109 72 22231 


111 36 

113 03 

114 72 


.22476 

.22718 

.22960 


115 41 b 23200 


118 11 
119 82 
121 55 
123 30 


.23439 

.23676 

.23912 

.24146 


1 183 
I 212 
1 241 

1.270 
1 299 
1 328 
1 356 
1 385 

1.413 
1 441 
1 470 
1 49$ 

I 526 

t 554 
1 582 
1.610 
1.638 
1 666 

1 693 
1.721 
1.749 
1.776 
1 804 

1.833 
1 $60 
I 88$ 
1.916 
1 944 


(S«l n. Tettp. 4 F.) 

1 0 C 9 ) (P./44I4) 

I 019 81.76 9 

1.044 83.20 .17322 

I 070 84.65 0.17612 


I 1«>96 
19365 
.19631 
19895 
20157 


99 S9 b 20416 


101 47 

103 07 

104 67 
106 29 


.20673 

20929 

21183 

21433 


107 93 0 216S1 
109 57 .21928 


111 22 
112 $9 
114 58 


22176 

22419 

.22662 


116 28 0 22903 

117 99 .23142 


119 71 
121 45 
123 20 


23379 

23616 

23S50 


(rood) 

1 019 
1.044 

1 070 
1 095 
1 120 
1.144 
1 169 

I 194 
1 218 
1 242 
1 267 
1 291 

1 315 
1 340 
1 364 
I 38$ 
1.412 

1 43$ 
1 459 
I 482 
1 506 
1 630 

1 554 
I 577 
1 601 
1 625 
1 649 


86 11 
$7 60 
89 09 
90.58 


.17896 
. 18178 
.18455 
.18731 


92.09 b 19004 


93 62 

95 15 

96 70 
98.26 


80.58 0.17040 

82 00 .17333 

83 44 17623 

84 88 0.17910 


.19272 

.19538 

19803 

2C066 


99 83 0 20325 
101.42 .20583 

103 02 .20838 

104 63 21092 

106 25 .21343 

107.88 0.21592 


86.34 

87.81 

89.29 

90.78 


.18191 

.18474 

.18750 

.19025 


92 29 0.19295 


93 81 

95 34 

96 88 
08.43 


19563 

.19831 

.20094 

.20356 


100 00 0 20614 


101 58 
103.17 
104 78 
106.40 


.20871 

.21125 

.21379 

.21629 


108.03 b 21878 


109 67 
111.32 
112.98 
114.66 


.22125 

.22370 

.22613 

.22856 


116.35 0.23097 


118.06 
119.79 
121 54 
123 31 


24335 

23573 

23809 

24043 


109 52 
111.17 
112.84 
114 52 

116 21 
U7 92 
119 65 
121 40 
123 15 


.21840 

.22085 

.22329 

.22572 

0 22813 
.23052 
.23289 
.23526 
.23760 


(0.d4d) 

0 967 

0 991 

1.016 

1.040 

1 063 
1.0S7 
1.110 

1 134 
1.158 
1.181 
t 204 
I 227 

I 250 
1 274 
I 297 
1.320 
1.343 

I 365 
1.388 
1 411 
1.434 
I 457 

I 480 
1.502 
1 524 
I 547 
1.570 


81.65 

83.10 

84 56 

86 03 

87 51 
89.00 
90 50 

92 01 
93.54 

95 09 

96 64 

98 20 

99 77 


1 762 124 95 \o 24083 1 673 124 92 0 23994 \\ \ 592 



































REFRIGERATING MEDIA 


105 


TaB1.E 12. — F12, DiCHI.OkOOlFI,VOKOMETHANi: ( I 1. l.-l'; 1 . 
PROI'EKTIES OF Sl'PEKHEATED VaVOR.— ( CoiltimKll ) 



Ate Prcwgrc 44 /in * 
Cfec* Pm»ur« 14.) \b /in.^ 
(Sftt’n Temp 11 0* F.) 


Ate Prmgrt 44 lb /m * 
Gkce Pecnure 31 .3 lb /in * 
Temp 33 4* F.> 



0 m 

0 9^ 
t 012 

1 03S I 
1 0S8 

I ObO 
I 103 
1 125 
1 147 
1 170 

) 192 
1.2U 
1 236 
1 25*1 
1 2)0 

1 302 
1 324 
] 346 
1 367 
I 3^9 

1 411 
] 432 
1 454 
I 475 
1 496 


84 4S 

85 96 

87 45 

88 94 
90 44 


91 95 lO 18828 
93 48 
05 02 
96 57 
98 14 

09 72 

101 31 

102 91 
104 52 

106 14 

107 78 

100 42 
111 08 
112 75 
114 44 224U5 

116 14 0 22646 

117 KS 
no 57 
121 31 
123 06 


21173 



300 1 518 124 82 
310 1.530 126 59 


TtCAp 




tote$sit 
84.17 0 17114 
85 65 17400 

87 14 .176H4 

88 64 . 17966 
00 15 18244 

91 68 0 18518 
03 22 .18789 
94 77 19059 
96 33 .19325 
9790 .19590 


1 059 
1 078 

I 007 

I lie 

I las 
I 153 
1 172 

I 100 
I 208 
I 227 
I 245 
1 263 

1 281 
1 298 


99 48 

101 07 

102 68 

104 30 

105 93 

107 58 

100 23 
110 K9 
112 66 
1J4 26 

115 96 
117 67 
no 40 
121 14 
122.90 

124 66 
126 42 


19850 

.20109 

2a365 

20621 

2D873 


1 223 


84 40 0 17347 


85 88 

87 37 17916 

88 88 1819S 

90 39 184 

91 90 0 18746 
93 43 
94.96 
96 51 
98 OS 


99 66 

101 25 

102 h5 
104 46 
106 00 


.22110 

1.22352 

.22591 

22829 

23065 

23299 

I 23532 
23763 



0 21344 


21592 
2 


52 124 79 10 23749 
1 472 126 57 


Ate PrcMure M Ib/mi 

Cm* Frreeure lb /ib * 
(tei'ft Temp uy F | 


(ftm ic Mtot 
84 07 D 17036 


85 56 

87 06 

88 $7 
90 08 


17326 

17612 

.17894 

18172 


91 61 0.18446 

93 16 .18718 

94 71 .18989 

96 27 .19255 

97 84 .19520 

99 43 0 19782 


101 03 

102 64 

104 25 

105 88 



1 073 
1 091 
1 109 
1 127 

1 145 
I 163 
1 18] 
1 199 
1 216 

1 234 
1 251 


109 17 
no Hi 
112 51 

114 20 

115 91 
117 63 
119 37 

121 n 

122 86 


AbB Pmjufe 41 Ib /in * 
GMe Pre^gfeAl II Ib '»b> 
iSiit’n Temp 31 1* F I 


Abe Prmaure SO Ib /in * 
Gw PreMure 33 3 Ib in * 
(S»fn Temp 34)* F > 




20043 

20299 

20554 

20806 


107 52 0 21057 


10 401 

0 858 

0 880 
902 
923 
944 
965 


82 85 


85 80 
87 29 




82 10 18668 



(If 31) ||<j;i43ji 
82 70 0 16 

84 24 0 171«7 

85 72 
87 22 
8h 72 

90 23 183 

91 75 0 1S59I 

93 29 18862 

94 83 19i:i2 

9397 
0062 


1 390 
1 410 


07 66 

09 31 

10 9S 
12 66 
H 35 

116 OS ;0 22492 


.23207 

44 


124 75 ,0 23074 
120 53 I 23007 


02 75 

04 36 

05 98 


0 19923 
0182 
0439 
20094 
20946 



239 

258 

277 


I 1 296 
3)4 

1 3.12 
1 350 



07 62 lO 211% 

09 2.S 

10 95 

12 62 2)915 

14 31 22179 

116 00 0 22419 


.22S 

21 18 231 

22 93 233 

124 69 0 23GOO 
126 45 I 23831 


Ate Prr*eu(e Si Ib/iB* 
Prp«#Mre 41 I Ib /in ' 
IS«('n Terup 44 4* F ) 


21305 

21553 

21797 

.22M2 

1.22283 

22523 

22762 

22999 

23233 


{0 «l) 

0 744 
0 763 
0 782 
0 801 
0 819 

0 837 
0 856 
0 874 
0 892 
0 910 

928 
946 
0 904 
0 9.81 

0 999 

1 OIC 
1 034 
1 051 
1 068 
1 086 

1 103 
1.120 
1 138 
1 155 
1 172 


83 99 

85 48 

86 98 
88 49 

90 01 

91 54 0 18377 


93 08 

94 63 
90 19 
97.77 


IMOSl 

18921 

.19188 

.19453 


Abi Prreiurc SI Ib /m > 
OMe l*eiMgrc4) SIh An ' 
Temp 44 ?* i i 


iU 44) 
83 91 

85 40 

86 90 

88 4) 

89 93 

91 46 

93 00 

94 55 
96 11 
97.68 


99 3 6 0 19715 


100 9$ 
102 57 

104 19 

105 83 


19975 

20232 

.2(M87 

.20739 


107.48 0 20991 
109 14 .21241 


iO 

tlOl 

III 

716 

lj 

734 

ti 

752 

n 

770 

0 

788 

0 

800 

E 

824 

E 

842 

0 

860 

0 

877 


894 


912 


929 

E 

046 

0 

963 

0 

9S0 



99 20 0 10&I8 

100 86 lOOav 


10 81 
12 49 
U 18 


.21487 

.21731 

21977 



J02 47 

104 00 

105 72 

107 36 
100 02 
10 70 
12 39 
14 10 


.’U)60 

.20423 

20676 

20927 

.21177 

21424 

21669 

21914 


124 63 0 23467 
126 40 


15 88 0.22218 
17.59 .22458 
19 31 .22698 

121 05 22934 

122 80 23169 

24 57 0 23403 
26 36 23635 
28 17 23867 


1 064 
I 081 
008 

114 


115.82 D 22155 
117 55 22396 

119 29 22635 

121 04 22871 

122 80 23105 

24 57 0 23340 
26 35 23574 

23806 
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PRINCIPLES OF REFRIGERATION 


T.vble 12— F12, Dichlorodifluoromethane (CCUFj). 
Properties ok Si’Pekheated Vapor.— (Continued.) 


T«rr>p 


PrrMuf« ^ lb /iO • 
Pr<««ure4S.ilb An * 
4i 7" F I 


Ab« PrfMorf 79 lb /tn * 
Cftce PrrMgre SS i lb An * 
T^mp 57 y f 1 


260 
260 
270 
280 . 
290 


1' 

If 

(0 


iV €SJ 

0 

coo 

83 83 

0 

70S 

85 33 

0 

726 

86 S4 

0 

743 

88 35 

0 

760 

89 87 

0 

778 

91 41 

0 

795 

92 96 

0 

812 

04 51 

0 

S29 

90 07 

0 

846 

97 65 

0 

863 

99 24 

0 

680 

100 84 

0 

897 

102 45 

0 

913 

104 07 

0 

930 

105 71 

0 

946 

107 36 

0 

962 

109 02 

0 

979 

no 09 

0 

995 

112 37 

1 

012 

114 06 


028 

U5 77 


044 

117 49 


000 

119 23 


076 

120 97 


'092 

122 73 


108 

124 50 


124 

126 28 


.140 

\U 07 



«> 

> l(W29 
17120 
17407 
17689 
17968 


18510 

.18789 

19056 

19323 


19846 

20104 

20360 

20613 


21113 

2)361 

21607 

.21853 


22334 

.?2573 

.22810 

23045 


23513 

.23745 



Temp. 

•K- 


iqr Rflf n) 
00 


Abq PfCMgTf W lUAft* 
GMe He«»ure 55.5 lb /m * 
iVmp F > 



0 430 

0 442 
0 454 
0 465 
0 477 
0.4S8 

0 499 
0 510 
0.521 
0 531 
0 542 

0 553 
0 563 
0 574 
0 535 
0 505 

0.606 
0.616 
0 626 
0 636 
0 646 

0 657 
0.667 
0 677 
0.637 
0 697 

0.707 

0.718 


<1$ 99) (0 t(a9) 

63 32 0 16926 

89 93 0 17210 
91 54 .17493 

93 15 17773 

94 76 18049 

96.37 .18321 

97 99 0 18590 
99 63 . 18856 

tOl 28 .19120 

102 94 .19381 

104 61 .19633 

106.29 0 19394 
107.93 .20148 


109 68 
111.39 
U3.ll 


.20401 

.20650 

.20399 


114 84 0 21145 
116.53 .21339 


118.33 
120 10 
121.88 


127.28 
129 10 
130.94 


(04 et) (0 HTi/) 


.21631 

.21870 

.22108 


123.67 0.22347 
125 47 .22533 


.22817 

.23050 

.232)1 


132 80 to. 23510 
J34 63 .2373S 
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Table 12.— Fli. Dkhlorodiklioromethane (CCUF,). Properties ok Superheated Vapor.— (C oncluded.) 
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PRINCIPLES OF REFRIGERATION 


Tabi.e 13.— Freon 11, Triciilokomonofluorometha*ne (CCIF) 

Properties of Saturated Vapor. 
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Table 13. — Freon 11, Trichloromonokluoromethank (CC l F), 
Properties of Saturated Vapor.— (Concluded. > 
























































Table 14.-Properties of ••Freon- 22” (CHClF,) (Liquid and Saturated Vapor). 
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PRINCIPLES OF REFRIGERATION 
r.\MI.E 15 . — SATURATtD CARBON DiOXIDE (COj) 


Temp. 



Pressure 

Volume 

Total heat from 40^ 

Abe., 
lb. /in.* 

V 

Liquid. Vspor, 

ft.Vlb. ft.Vlb. 

e/ 

Liquid, Latent. Vapor, 

Btu./lb. Btu./lb. Btu./lb. 

A/ A A, 


80 

82 

84 

86 

87«8 


257.3 
266.5 

275.9 

285. 4 

295.3 

305.5 

315.9 

326.5 

337.4 

348.7 

360.2 

371.9 

383.9 

396.2 

408.9 

421.8 

434.0 

448.4 

462.2 

476.3 

490.8 

505.5 

522.6 

536.0 

551. 7 

567.8 

584.3 

601.1 
618.2 

635.7 

653.6 

671.9 

690.6 

709.5 

726.8 

748.6 

789.4 

810.3 

831.6 

853.4 

898.2 

921.3 

944.8 

968.7 
993.0 

1017.7 
1043.0 
, 1069.4 


Eatropj from 32* 
plus 1 


Liquid, Vspor, 
Bta./lb.®F. Btu./lb.®F. 

•/ 


0.01532 

0.01540 

0.01547 

0.01555 

0.01563 

0.01570 

0.01579 

0.01S88 

0.01596 

0.01605 

0.01614 

0.01623 

0.01632 

0.01642 

0.01652 

0.01663 

0.01673 

0.01684 

0.0169$ 

0.01707 

0.01719 

0.01731 

0.01744 

0.01759 

0.01773 

0.01787 

0.01801 

0.01817 

0.01834 

0.01851 

0.01868 

0.01887 

0.01906 

0.01927 

0.01948 

0.01970 

0.02020 

0.02048 

0.02079 

0.02112 

0.02192 

0.02242 

0.02300 

0.02370 

0.02456 

0.02553 

0.02686 

0.0345*1 


0.3472 

0.3349 

0.3231 

0.3118 

0.3009 

0.2904 

0.2803 

0.2707 

0.2614 

0.2526 

0.2437 

0.2354 

0.2274 

0.2197 

0.2121 

0.2049 

0.1979 

0.1912 

0.1846 

0.1783 

0.1722 

0.1663 

0.1603 

0.1550 

0.1496 

0.1444 

0.1393 

0.1344 

0.1297 

0.1250 

0.1205 

0.1161 

0.1117 

0.1075 

0.1034 

0.0994 

0.0918 

0.0880 

0.08422 

0.08040 

0.07269 

0.06875 

0.06473 

0.06064 

0.05648 

0.05223 

0.04789 

0*03454 


13.9 

14.9 

15.9 

16.9 

17.9 

18.8 

19.8 

20.8 
21.8 

22.9 

24.0 

25.0 

26.1 

27.2 

28.3 

29.4 

30.5 

31.7 

32.9 

34.1 

35. 4 

36.7 

37.9 

39.1 

40.4 

41.7 

42.9 

44.3 

45.6 

47.0 

48.4 

49. 5 

51.2 

52.6 

54.0 

55. $ 

58.6 

60.2 

61.9 

63.7 

67.3 

69.4 
71.6 

73.9 

76.4 

79.4 
83.3 

97.0 


124.8 

123.9 

122.9 
122.0 
121.0 

120.1 

119.0 

118.0 

116.9 

115.8 

114.7 

113.6 
112.5 

111.3 

110.1 

108.9 

107.7 

106.4 
105.1 

103.8 

102.4 

101.0 

99. 5 
98.1 

96.5 

95.0 

93.4 
91.8 

90.1 

88.4 

86.6 

84.7 

82.7 

80.8 

78.7 

76.6 

72.0 

69.5 

66.8 

63.8 

57.2 

53.4 

49.3 

44.8 
40.2 

34.5 

27.1 

0.0 


138.7 

138.8 

138.8 

138.9 
138.9 

138.9 

138.8 

138.8 
138.7 
138.7 

138.7 
138.6 

138.6 
138. S 
136.4 

138.3 
138.2 

138.1 

138.0 

137.9 

137.8 

137.7 

137.4 

137.2 

136.9 

136.7 

136.3 

136.1 

135.7 

135.4 

135.0 

134. 5 

133.9 

133.4 

132.7 

132.1 

130.6 

129.7 

128.7 

127.5 

124.5 

122.8 

120.9 

116.7 

116.6 

113.9 
110.4 

97.0 



.9636 

.9657 

.9679 

.9701 

.9722 

.9744 
.9765 
• 9787 
.9810 
.9833 

.9856 

.9879 

.9902 

.9927 

.9951 

.9976 

1.0000 

1.0023 

1.0046 

1.0071 

1.0092 

1.0115 

1.0140 

1.0166 

1.0194 

1.0218 

1.0254 

1.0272 

1.0283 

1.0312 

1.03S3 

1.0410 

1.0438 

1.0468 

1.0500 

1.0568 

1.0607 

1.0649 

1.0694 

1.0740 

1.0790 

1.0854 

1.1098 


1.2247 

1.223S 

1.2224 

1.2212 

1.2199 

1.2188 

1.2175 

1.2163 

1.2151 

1.2139 

1.2127 

1 . 211 $ 

1.2103 

1.2091 

1.2079 

1.2067 

1.2055 

1.2038 

1.2024 

1.2009 

1.1994 

1.1979 

1.1964 

1.1949 

1.1033 

1.1917 
1 . 1901 
1.1882 
1.1865 
1.1846 

1.1826 

1.1803 

1.1780 

1.1754 

1.1724 

1.1690 

1.1655 

1.1605 

1.1555 

1.1505 

1.1455 

1.1381 

1.1098 


For properties of Superheated Vapor see Fij. 25C in Cover Pocket 
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Table 16.— Saturated Sulphur Dioxide (SOD- 


Temp. I Pretfturt Votume Density 



Total beat t)OfO —40® 


3 . 1)6 

4.331 

s.sa3 

7.663 

(0.3S 
10.61 
11. SO 

11. It 
U.12 

12.75 

13.42 

13.77 

14.12 

14.46 
14.64 

15.21 
15.56 

15.66 
16.37 

16.77 

17.16 

17.60 

16.03 

18.46 

16.66 

16.34 

16.60 
20.26 
20.73 

21.21 

21.70 
22.20 

22.71 
23.23 

23.75 

24.26 
27.10 
30.15 

13.45 

37.05 

40.63 

45.13 
46.62 

54.47 

56.66 

60.77 

61.66 
63.01 

64.14 

65.26 

66.45 

67.64 

66.64 

70.04 

71.25. 

77.60 

64.52 

66.76 
110.61 
116.61 


22.42 

16.56 

12.42 

6.44 

7.280 

6.623 

6.584 

6.421 

6.266 

5.667 

5.682 

5.546 

S.417 

5.286 

5.164 

$.042 

4.626 
4.612 
4.701 
4.563 

4.467 

4.366 

4.267 
4.160 

4.066 

3.664 

3.615 

3.626 
3.744 
3.662 

3.561 

3.503 

3.437 

3.355 

3.253 

3.212 

2.887 

2.601 

2.346 

2.124 

1.626 
1.749 
1.560 
1.446 

1.321 

1.267 
1.274 

1.253 
1.226 

1.207 

1.105 

1.164 
1.144 

1.124 


65.76 

64.64 

64.10 

63.27 

62.42 

62.25 
62.06 

62.00 

91.61 

61.74 

61.56 

61.46 

61.41 

61.33 

61.24 

61.16 
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Table 18 — Properties of Solution’s of Ammonia and Water. 

(Figure* arc boiling poinU due to corresponding pressures and concentrations, ) 
From "Mechanual Rcfrigvrotiou/' by H. J. .\facintirc (John n'Ucy & CoJ 
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Table 18.— Properties of Solvtions of .\mmonia ano Water.— (C i>nt»nie(l.) 
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Tahle 20— Caecum Cheoridf. Brine Tabee. 
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Table 21.— Sodium Chloride (Salt) Brine Table. 

A. S. R. B. Doia Booh. 




CHAPTER W. 


GENERAL PRINCIPLES OF THE COMPRESSION 

SYSTEM. 


General Principle.-In all mechanical refrigerating machines using 
a liquefiable fluid the working substance is placed in such a C(.iulition 
that It will absorb heat from a material at a temperature below that of 
the atmosphere. After the absorption of heat it is placed in such a 
state that it will give up the absorbed heat and the heat added during 
the process to a water or air supply at a temperature higher than that 
of the refrigerator. This is the general principle underlying the opera- 
tion of refrigerating machines using a liquefiable fluid. 

The cycle of operation of the compression system has four principal 
phases. In the first phase, the refrigerating medium absorbs heat from 
the material of low temperature. This is accomplished by maintaininir 
a certain pressure upon the medium so that the boiling temperature is 
a few degrees below the material of low temperature. The heat then 
flows by natural tendency into the boiling refrigerant, causing it to be 
entirely evaporated. In the second phase, the vapor of the medium is 

nm‘!h?tcm '"'V' to a pressure such 

hat the temperature of the condensing medium is a few degrees above 

he temperature of the available water or air supply, which tempera- 

tu^re IS always several degrees above that of refrigeratur. In the third 

^atorVn in the eva;o 

in ^ during compression, flows by natural tendency 

then of tliis heat cools and 

n suJh . phase, the medium is placed 

w temperature. This is accomplished by reducing the pressure of 
hqmd of the medium as it leaves the condLser to the pris7«re existing 

pansion''vdve‘°Th'' t=™ed ex 

on valve. The expansion valve reduces the pressure so that th.. 
emperature of the boiling fluid is a few degrees below the material of 
ow temperature, whde the compressor raises the pressure so that the 
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Action Through the Expansion Valve.— The function of the expan- 
-.ion valve is to throttle the pressure of the refrigerant from the high 
pressure in the condenser to the low pressure in the evaporating coils 
and to regulate the flow. The li<|uid refrigerant is allowed to pass 
through a small orifice in the expansion or throttle valve. The throt- 
tling through the expansion valve takes place without the addition or 
extraction of heat. Therefore, it is evident that the heat content of 
the ammonia remains constant in passing through the expansion valve 
(provided that the velocity of the ammonia is the same before and after 
passing through the valve). 


Evaporation of the Liquid Refrigerant.— If, in a refrigeration planet, 
il is desired to maintain the temperature of a cold room at 25® F. the 
pressure on the boiling refrigerant in the refrigerating coil may be held 
at such a point that the temperature of the boiling refrigerant is 5 h- 
'fhe beat will then flow from the room into the evaporating refrigerant. 
'I'he exact amount of heat absorbed by each pound of refrigerant will, 
of course, vary with each individual refrigerant. The theory under- 
lying the operation of the compression systems is independent ot t e 
refriirerants whicli are used, and will hold true for any liquefiable re- 
fri.icrant sucli as ammonia, Freon, or carbon dioxide. Since ammonia 
is used most extensively in the United States, the various heat quanti- 

ties, etc., will be calculated for ammonia. 

Thus the temperature of the boiling ammonia in 
coil will be 5® F. when the pressure is maintained ^ 

The exact amount of heat that may be absorbed by ^ 

ammonia under the above conditiori will depend upon he 

of the liquid before it ^ 

temperature of the pound o the hqu d is 5 h he neat 

be equal to the latent heat of evaporation which 

However, in most cases the tempera re o he liquid as it 

the evaporating coil is near the ^ ■ several degrees above 

,I,e condenser. This temperature, in general ^hat part 

the temperature of the boiling ammonia 1 order to cool the re- 

c)f the liquid ammonia must be p __frifrprator coil Thus, at a 
mainder to the temperature desired in the ^efr g „,rimoma is all 

point just before the expansion valve a am- 

liquid, while immediately after the be as- 

monia is a mixture of liquid and is S6® F as it enters 

sumed that the cool the liquid ammonia 

1 r ^6?^: 5® V may be fou^d b^multiplying together the tempera- 
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5° F. from the heat content of the liquid at 8()'' F. This is shown U'- 
follows : 


Heat content of liquid at 86° F 138,9 Uti,. 

Heat content of liquid at 5° F 48.3 Bt,i. 

Total heat to cool liquid 9D.0 Btu. 


If, by means of the use of cold water, it is possible to cool the liquid 
ammonia to 66’’ F., the heat requirecl to cool the liquid to 5° F. is found 
as follows: 


Heat content of liquid at 66* F iiao Tttn 

Heat content of liquid at 5° F !!!!!.!' 483 Btu 


Total heat to cool liquid (,7 7 Bm 

It is now evident that the cooling effect due to the latent heal of 
evaporation will be reduced by the above amounts of heats required tn 
cool the liquid to temperature ui the refrigerator. Thus, the heat avail- 
able for refrigeration of the room, water, brine, etc., would be as fol- 
lows : 


For 86* Liquid Ammonia: 

Cooling effect = 565.0 — 90.6 *= 474.4 Bin. 

For 66* Liquid Ammonia ; 

Cooling effect = 565.0 — 67.7 = 497.3 Btu. 

The relative magnitudes of the cooling effects. 474.4 and 497 3 Btu 
indicate the desirability of cooling the liiiuid refrigerant to as low i 
temperature as economical. This cooling ^hould be accompli.shed l)v 

the use of cool water or other means, and not bv means uf tlie retuni 
vapor from the refrigerating coil. 

The percentage of the ammonia that is evaporated in passing 
through the expansion valve may be calculated readily, as shown be- 

This is in reality the quality of the mixture after it has passed the 

expansion valve, and it represents the loss of refrigerating effect due 
to above cause. 


For 86* Liquid Ammunia: 
Quality . . ! 


For 66* Liquid Ammonia : 
Quality 


90.6 

565.0 


67.7 

565.0 


= 0.160 = 16% 


= 0.120 * 12 % 


Effect.-From the foregoing it will be noted that the 
available amount of heat which may be used for refrigeration depends 
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upon the latent heat of evaporation and the sensible heats required to 
cool the liquids, and in the above cases the refrigerating effects were 
equal to 474.4 and 497.3 Btu. respectively. The refrigerating effect in 
general is the amount of heat absorbed by the refrigerant in passing 
through the refrigerator and is represented by the difference of the 
heat contents of the refrigerant entering and leaving the evaporating 
coil. It will also be remembered that the action through the expan- 
sion \'alve is one of constant heat content; that is, the heat content 
of the liquid before the expansion is the same as the heat content of 
the mixture after passing through the valve. Therefore, it is evident 
that the refrigerating effect is equal to the heat content of the satu- 
rated vapor leaving the evaporator coils minus the heat content of the 
liquid refrigerant just before the expansion valve. The refrigerating 
effects of the ammonia under the conditions in the foregoing examples 
may be calculated as follows: 


For 86“ Liquid Ammonia: 

Heat content of saturated ammonia va^por at 5 F 
Heat content of liquid ammonia at 86* F 


613.3 Btu. 
138.9 Btu, 


Refrigerating effect 


474.4 Btu. 


For 66" Liquid Ammonia : _ . c« t? t Btu 

Heat content of saturated ammonia vapor at 5 ■ _ 

Heat content of liquid ammonia at 66 ' 

Refrigerating effect 

It will be noted that this method gives the same results as were 

obtained in the previous calculations. 

These two methods of determining the net refrigerating effect of 

the ammonia may be stated symbolically as follows: 
where R = reTriger^ing^effect in Btu. per lb. of ammonia , 

= h«r conic, .t of the liquid at the temperature existing iu the 
evaporator 

wher^’/i- = "earemdent ot vapor leaving refrigerator coils, Btu. per lb. ol 
ammonia 

The refrigerating effects per pound of ammonia for the usual pres- 

sures and temperatures are indicated in lablej:^. ^ . 22 24 

In comparing the values of various factors shown " ^ab esJ2, 24. 

25, 28, 30, 31 with the results obtained by **^5 the fact 
noted that there are some slight differences. This is orieinal 

that the values shown in the tables were calcula ed '™'" 

Bureau- of Standards Ammonia Tables, while the values illustraten 
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in the various examples were taken from the later Bureau of Stand- 
ards Tables of the Properties of Ammonia. 

Amount of Fluid to be Evaporated. — The amount nf refrijjerant 
to be evaporated in one minute to absorb heat at the rate of one ton 
of refrigeration depends upon the refrigerating elYeot of a pound of 
the refrigerant under the desired conditions of pressures and tem- 
peratures. In general, the refrigerating effect is taken to be the dif- 
ference of the heat content of the vapor leaving the coil and ilie heal 
content of the l.quid just before the expansion valve. Under ordinary 
conditions the heat content of the vapor is taken as that of the satu- 
rated vapor at the temperature corresponding to the evaporator pres- 

T the temperature of 

saturation due to the condenser pressure 

WWiJn ^he refrigerating effects of 474.4 and 

97 UJiu. per pound were obtained. Now, since one Pm of refrigera- 

u.m ,s ecjmvalent to the removal of heat at the rate ..f 200 Btu per 
minute, it is necessary to evaporate only ’ 


200 200 

•— 0.4216 lbs. and 

497.3 


= 0.4020 lbs. 


alum oT rcfrigera,i„n. The 

Imnlvit could be found by 

r ^ 

which i„ turn dete^rmiuoTh™ etc'""''"-"- ■ 

tins may be expre.ssed as follows; 

200 
A/=» — 

R 

where M = ll>. per min. per ton. 

For standard conditions, the amount is; 


A/ = 


200 

474.4 


= 0.4216 lbs. 


minute weight of ammonia to be evaporated per 

shown by Tablrid”"^ refrigeration under usual pres.siires is 

a piston displacement of 

of refrippraP ^ *Fat is necessary to produce a given amount 

t<*Kethef wTth"thp" H- r condensing pressures. 

Kcrner with the displacement or volumetric efficiency of the com- 



Table 22.— Refrigerating Effect of .^MM0NIA. Etc. Per Lb. 

(Dry Compression with No Liquid Sub«CooUng.) 
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pressor cylinder. The pounds of refrij^erani to he c\aporale(l pei' 
minute per ton of refrigeration is determined hy the heat content of 
the vapor leaving the evaporator and the heat content of the liquid 
just before the expansion valve, as indicated i>reviouslv. Now. a^ 
soon as the weight of fluid to be evaporated is known, the theoretical 
amount of displacement in the compressor cylimler can be determined 
and will be equivalent to the volume of the necessary weigltt of fluid. 
The compressor must draw into its cylinder during the suction strokes 
this volume of refrigerant in order to produce the refrigeration at the 
desired rate. On the compression strokes the trapped refrigerant is 
discharged to the condenser. 

As an example in the above theory, the displacement required in 
Uie cylmder of an ammonia compressor per minute per ton of refrig- 

considered, assuming a saturated suction temperature 
'd U h. and a saturated condensing temperature of 86° F. These 
temperatures correspond approximately to the pressures of 30 and 170 
)s. per sq m. abs.. approximately, in the evaporator and the condenser. 
The refrigerating effect of a pound of ammonia is f..und as follows: 

Heat content of saturated vapor at 30 tbs .,i , r, m.. 

Heat content of liquid at 170 lbs ] 

Refrigerating effect per lb 

I he amount of ammonia to be evaporated per mimile per ton of 
refrigeration in pounds is calculated as follows; ^ 

200 472.3 = 0.423 

of ‘ "’I* "" ■'cmovc tl.e above amount 

Ihe Zn esso e "’inubt. In order to do this. 

fquivak.n T, Tb T "hich is at least 

n u e r f 7 l^n-l'erature and 

irrtenn ' ! ™<-- PO«nd of amm,.nia of 

. temperature and 30 lbs. pressure is 9.236 cu ft 

^_^^^llence the necessary displacement in this case is calculated as 

9.236 X 0.423 = 3.91 cu. ft. oer min 

^ or 3.91 X 1728 = 6750.0 cu. in. per min. 

I he quaiuit/ 6750.0 is the theoretical number of cubic in -t, 
saturated vap<,r which must be removed fromlTevapot ' 

to produce a ton of refrigeration under the given conditions H 
ever, the compressor cylinder is never aide t,. . 1 .- • 

from the evaporator on account of inherent detect” weight 

weight of the vapor in the cylinder i^less ha i 
displaced hy the piston, the actual displacement perT,nirlf‘r‘'r 
must be larger than the above theoretical alum 



Table 23.— PocNDS of Ammonia Per Minvte Per Ton of Reirigeration. 

(Dry Compression with No Li<^uid Sub*Coo1tng.) 
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The theoretical displacement of the compressor may he calculalcd 
as follows : 

200r 

T.D. =* 

H,~h, 

in which r.£). = theoretical displacement cu. ft. per ton of 

refrigeration. 

V = specific volume of refrigerant, cii. ft. 


The foregoing formula is based upon the assumption that the 

throttling process in the expansion valve occurs at constant heat of 

the refrigerant, that is, the refrigerant docs not absorb heat from the 

outside, but the heats of liquid and evaporation may interchange to a 
certain extent. 

To facilitate the calculation of numerical examples, it will be as- 
sumed further that the vapor leaves the evaporator in the dry and 
saturated state and that the liquid reaches the expansion N aive at the 
saturated temperature due to the pressure in the condenser. 

hor ammonia, at the standards conditions of 5® F. and 86® F„ satu- 
ra e temperatures in the evaporator and condenser, respectively, the 
theoretical displacement may be calculated as follows; 


T.D.= 


200 X 8.150 


_ noQ refrigeration per min. 


613.3 - 138.9 


displacement in cubic inches per ton of 
refrigeration may be found in Table 24. 

of -1 Efficjericy.— Thc volumetric or displacement efficiency 

ifhi'ill cy inder is the ratio of the volume of the refrigerant 

of /k conditions of temperature and pres- 

^ to the volume of the piston displacement, 

into tu ttnect the amount of the vapor that actually gets 

the fill the volume of 

ar(» ^ ^ ^splaccment at the condition of the evaporator is always 

uiin^^e f actually displaced or removed. The vapor 

of tl ^ ‘^y^*fider becomes superheated due to wire-draNving 

ie gas through the valves and the exposure to the hot cylinder 

above valves. Being at a temperature several degrees 

natt II 7 evaporator at the end of the suction stroke, it is 

of d*^^ ^ dense, and weighs less per unit volume, since the change 

^ approximately proportional to the 

nge of the absolute temperature. 

There is also a reduction of pressure in the cylinder below that of 
e evaporator in order to cause the refrigerant to floNv through the 
more or less restricted area of the parts and valves, at a high velocity. 
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This further lowers the density of the vapor. Also there might he 
leakage of gas past the piston and valves, which would prevent some 
vapor from being removed from the evaporator, by occupying space 
in the effective volume of the cylinder. Again the gases which are 
compressed into the clearance spaces will re-expand down to the 
evaporator pressure before the suction valves may open. It is oh\ ious 
that all of the foregoing factors reduce the weight of vapor that mav 
actually get into the cylinder. 


The amount of linear clearance in the cylinders of vertical single- 
acting ammonia compressors is usually the smallest amount which 
may be used without allowing the parts to come into direct contact 
Tim will usually amount to y«4 to 1/32 of an inch. In respect to the 
volumetric efficiency due to the superheat of the vapor during the 
suction stroke it ^ylll be observed that there are a number of factors 

of Ihu'f/r? this efficiency. In consideration 

of this fact it IS therefore practically impossible to determine these 

efficiencies by mathematical analysis. These efficiencies due to super- 
heating may, therefore, be determined only by actual tests on an actual 
ammonia compressor cylinder, and should therefore be termed an 
operating characteristic of the compressor cylinder 

For the purpose of comparison and calculation, the author Ins 
used tests made on actual ammonia compressor cylinders for th 
purpose of determining the relative magnitude of the efficiency due t<. 

mmmm 

factor of safety ^ 

cies due to suptrheaMng!'beclu"e volumetric efficien- 

all parts of the system ha^d been put V 

condition as possible, clearances reduced to Jhrm' mechanical 

fore, the values of the volumetric ^ etc. There- 

effect of superheating. It is well to 00^0^^ ^^P^esent primarily the 
obtain volumetric efficiencies which are hltT^ 'I to 

Ta^^ 25 . but that these values may he 

acting compressors aTelhl'JI^^^rTabT^^^^ horizontal double- 



Table 25.— Volumetric Efficiencies Due to Superheating for Vertical Single-Acting Compressors. 
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Tabls 26.— Volumetric Efficiencies of Horizontal Double-Acting Ammonia Compressors. 
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The effect of clearance up<»n the volumetric efticiency of a com- 
pressor evlinder may be determined by mathematics, as soon as the 
amount of clearance is known. The thermodynamical expression for 
the \ olumetric efficiency due to clearance is shown as follows; 


or £< = 1 


- [ (;# 


where £r» volumetric efficiency due to clearance 

percentage of clearance in per cent of cylinder volume 
pi -absolute evaporator or suction pressure 
^,s=absoiute condenser pressure 

n ^exponent in the compression law, constant 

'I'hc value of the exponent, n, in the characteristic law of compres- 
sion, PV“ »= a constant, will vary within certain limits, due tbe tac 

that the ammonia vapor is not a perfect gas. However, the est data 

from the Bureau of Standards on the properties of ammonia vapor 
seem to indicate that the average value for n may be ' ; 

Introducing the value, n = 1.28, in the foregoing 
the following formula for the volumetric efficiency due to clearance. 




The foregoing expression may be fnrlher simplified by the fol- 
lowing : 


/- 


[Cf);-;] 


^eXF 


be determined as follows. 


f = 


r/(i6<).2) Y"'* 
[1,(34.27)/ 


-ij = (3.48-1) =2.48 


If the amount of clearance is assumed be 

cylinder volume, the efficiency due to clearance in th.s case 

found as follows : 

£. = 1 — 0.03 X2.48 = 0.9256 = 92.56% 



Table ’Z.-Factors for Calcllatinc Volumetric Efficiencies Due to Clearance 
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The values of the factors for determining the volumetric efficiency 
<luc to clearance, F, for the assumed conditions of pressures and tem- 
peratures in the evaporator and condenser, are shown in Table 27 and 
Fig. 27. The actual efficiency of the compressor depends upon the 
efficiency due to superheating and that due to clearance. This may 
be e.xpressed as follows: 


E» = Ei y. Ec 

where £• = actual volumetric efficiency 

£• = volumetric efficiency due to superheating 
Ee = volumetric efficiency due to clearance 

The mean effective pressure of ammonia in a compressor cylinder 
IS also affected by the amount of clearance. The mean effective pres- 
sure with clearance is equivalent to the mean effective pressure with- 
out clearance multiplied by the volumetric efficiency due to clearance. 
'I'his may be stated as follows: 


nt.e.p.t = m.e.po. X Er 

where m.e.p.t = mean effective pressure with clearance, c 

m.e.p.o — mean effective pressure with zero clearance 
E< = volumetric efficiency due to clearance 

The true volumetric efficiency of a compressor cylinder is *^®*®*V 
mined by two factors principally. These are the superheating an 
clearance effects. The vapor entering during the suction stroke from 
the evaporator becomes superheated, due to the absorption ot nea 
from the hot cylinder walls, piston and valves. The magnitude of the 
volumetric efficiency due to superheating seems to depend upon the 
ratio of compression, the type of compressor, and the relative speed 
of the compressor. The relation of these variables for ammonia as the 
refrigerant is shown by Fig. 28. The ratio of 

by dividing the absolute condenser pressure by the absolute suction 
pressure. Fig. 28 shows how the volumetric efficiency due to super- 
heating E decreases as the ratio compression increases. The single- 
acting ^compressors, having a unindirectional flow of ammon.a, possess 
efficiencies which are somewhat above those of the double-acting co 

pressors, as shown by Fig. 28. . .,,:ti, fiif* 

The volumetric efficiency due to superheating increases Jhe 

increase of the compressor speed. The «lat.ve effic.enc.es of the com 

pressors of different speed classifications are shown by Fig. 28. Ihe 

curves in Fig. 28 for the volumetric efficiencies due to superheating 

for the slow? 5 peed vertical, single-acting and slow-speed 

double-acting compressor were derived from ^ t^l 

York Manufacturing Company. The curves for high-speed 
double-acting compressors were derived from manufacturers rating 
of commercial compressors. The curve for high-peed vertical, single- 
acting compressors was derived by mathematical analysis. 
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Actual Cylinder Displacement. — Since the weight of the vapor 
actually removed from the evaporator is less than the apparent, due 
to the fact that the volumetric efficiency is always less than 100 per 
cent, the actual piston displacement must be larger than the theoret- 
ical amount. To secure the estimate of the actual displacement the 
theoretical displacement must be divided by the volumetric efficiency 
In case of the ammonia compressor, the theoretical displacement 
was 6750 cu in. per min. per ton, at 0° F. suction and 86° F. con- 
densing (pg. 141). The actual displacement is obtained as follows as- 
suming a volumetric efficiency of 80 per cent ; 

6750 

= 8437 cu. in. per min. per ton 


Due to the fact that part of the displacement of the compressor is 
rendered ineffective on account of unavoidable losses in In actual 
compressor cylinder, the theoretical displacements must be increased 
in proportion to the volumetric efficiency of the cylinder. This may 
be expressed in symbols as follows: ^ ^ 




A.D.^ 




in which i4.D. -actual displacement, cu. ft. per ton of refrigeration 
£r =s volumetric efficiency. 

®‘"E*e-acting compressors, in which the clearance has 


t mLJ. 


A.D. = 


/s y 


in which £. - volumetric efficiency due ^o superheating. 

86“^F In" conditions of 5° F. evaporating temperature and 

follows: '■ <i‘sP'acement is found as 


A.D. 


3.436 


— - 4.120 cu. ft. per ton of refrigeration per min. 


Actual piston displacements of vertical sintrl,:. 
are shown by Table 28. single-acting compressor 

press'oi^y'^d:: 
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Ammonia compressors of ihe slow-speed type generally have strokes 
of pistons which are 1.5 to 2.0 times the diameter of the cylinder, while 
compressors of the high-speed type will have strokes which are 1 0 to 
.5 times the diameter of the cylinder. The maximum allowable revo- 
lutions per mm. for slow-speed compressors may be determined from 
Oardners rule as follows:' 


376 


r.p.fn.t.i. s 


?P^ed of slow-speed compressors 
stroke of piston m inches 
376 * a constant 

Similarly, the maximum allowable revolutions per min for high- 
speed compressors may be determined as follows: ^ 

850 

r.p.m.h.!. 

V • 

where 850 ^a constant 

Vapor.-The compressor draws into its cylinder 
die vapor from the evaporator during the suction stroke, thereby re- 
moving the vapor from the evaporator and hence producing the de- 
sired refrigerating effect. At the end of the suction Loke the suctimi 
valve closes, trapping the vapor in the cvHnd^r 
its motion and the compressbn strike is betun 

mmm 

cylinder. pressure in the compressor 

it is" ss'’umed‘'ih!/I’h “■"Ptessor cylinder, 

walls and the ^ f no transmission of heat between cylinder 

walls and the refrigerant, or, in other words, the compression takes 
place m a non-conducting envelope When a vannr 

pressed or expanded without the iLs or gain of hwt by fadiat' 
conduction, the compression or expansion is said to be^ato" 

It IS further assumed that the refrigerant enter® 
cylinder during the suction stroke in thf form of a dry and 

vapor: that is it is in the form of a vapor with no suspended plrSes 
of liquid, and is at the temperature corresponding to the oreLu!! 
the refrigerant in the evaporator. Thus the refrigerant i®^nof 
heated. These considerations determine the condition of the 
erant at the beginning of the compression stroke refrig- 
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The gas, at the end of compression, is highly superheated, as pre- 
viously indicated. The temperature will be many degrees above the 
saturation temperature due to the pressure, and the heat content will 
be increased in direct proportion to the amount of energy required to 
compress the vapor from the low to the high pressure. 

In order to conveniently determine the condition of the vapor after 
compression, use may be made of the property “entropy.” It will be 
remembered that entropy is a mathematical ratio obtained by dividing 
the amount of heat given to a substance at a given condition by the 
absolute temperature during the heat transfer. It is apparent, since 
there is no heat transfer during the adiabatic compression of a vapor, 
that the entropy will remain constant during the compression. Thus, 
the entropy of the vapor at beginning of the stroke and the entropy 
of the gas at the end of the compression are the same. 

To illustrate the foregoing principles in a more material manner, 
ammonia will be assumed to be the working substance. Then, as soon 
as the pressure and temperature ranges are known, it is possible by 
reference to the tables of saturated and superheated ammonia to de- 
termine the exact state of the ammonia before and after compresston. 
Thus, the condition of the ammonia evaporating at 5 F. and con- 
densing at 86“ F. may be considered. These temperatures correspond 
^.pr'xintately to the'absolutc pressure of 34 and 169 lbs. per stp m. 
respectively. The properties of saturated ammonia are indicated b> 
Tables 6. 7 and 8 of Chapter HI. while t^he propen.es ^ ^^n^erheated 

ammonia are shown by Table 10, of Chapter III. 

which contains the properties of the superheated vapor, V, spec he 

volume in cu. ft. per 11).; •‘If," heat content Btu. per lb., S, entrop). 

To use this table, the vertical sectio.i of the values 

the absolute pressure is noted. Then, by read.ng down , the taWe t r 

tically until the corresponding value of the entropy S found 

temperature, volume, and heat content correspond.ng to , 

and entropy may be found. The condition before compression mat 

found in Tables 6, 7 and 8 of Chapter HI. of am- 

The following tabulation will show the various properties ot an 

monia under the above conditions of temperature and pressure. 


Condition Before Compression : 

Temperature of saturated vapor 

Absolute pressure of saturate vapor.... 

Approximate gauge pressure of saturated vapor 

Specific volume per pound 

Heat content of saturated vapor 

Entropy of saturated vapor 

Condition After Compression : 

Entropy of superheated vapor. ^ 

Absolute pressure of vapor 


5" F. 

...34.27 lbs. 
. . . . 19.6 lbs. 
8.150 cu. ft. 
..613.3 Btu. 
1.3253 


.1.3253 
169 lbs. 
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Approximate gauge pressure of vapor 155 lbs. 

Temperature of saturated vapor 86° F. 

Temperature of superheated vapor ilO° F, 

Degrees of superheat 1 > 4 ‘’ F. 

Specific volume per pound 2.346 cu. ft. 

Heat content of superheated vapor 712,9 Btu. 


Power Requirements.— It is evident that work must be expended 
to compress the refrigerant from the pressure of the evaporator to 
the pressure of the condenser. It is further evident that all of the 
work appears in the compressed gas in the form of heat, since the 
compression is adiabatic. The amount of power may be found by 
remembering that work and heat are inter-convertible in a ci>nstant 
ratio. This is the mechanical equivalent of heat, as discussed in Chap- 
ter II. Thus 778 ft-lbs. are equivalent to one Btu. Now, since one 
horsepower is the performance of work at the rate of 33,000 ft-lbs. 
per min., the heat equivalent of one horsepower is equal to 33,000 -h 
778 = 42.42 Btu. per min. 

It is obvious that the difference of the heat contents before and 
after compression will give the heat equivalent of the work of com- 
pressing the refrigerant from the evaporator to the condenser pressure. 

In the case of ammonia in the foregoing example, the heat content 
of the vapor before compression was 613.3 Btu. per lb. and the heat 
content of the gas after compression was 712.9 Btu. per lb.— giving a 
difference of 712.9 — 613.3 »= 99.6 Btu. per lb. The horsepower re- 
quired to compress one pound of ammonia per minute will be found 
by dividing 99.6 by 42.42. Thus 

99.6 "j" 42.42 =* 2.35 hp. per lb. of ammonia. 

Since the amount of ammonia to be evaporated has been found 
to 0.422 lbs, per ton of jcfrigeratinp the required horsepower i)er 
Ion of refrigeration may be found as follows: 

2.35 X 0.422 — 0.989 hp. per ton of refrigeration. 

It must be noted that the above determination does not take into 
consideration the volumetric or mechanical efficiency of the com- 
prepor, and therefore the above result should be termed the theoretical 
indicated horsepower per ton of refrigeration. 

Theoretical Power Requirements.— The theory and actual calcula- 
tion of power requirements are simplified by the assumption that the 
comparison is adiabatic, that is, at constant entropy. Consequently, 
the heat equivalent of the work of compression is equal to the differ- 
ence of heat contents of the refrigerant just before and after the 
compression. Actually, the compressions will approach closely the 
adiabatic process when cycles are performed rapidly and when the 
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v:ipi)r returns to the coinj)ressor in a nearly dry and saturated state. 
It is also assumed that there are no pressure changes in the system 
except in the compressor and expansion or throttle valve. The tho- 
(jietical indicated horsepower may be derived, then, as follows: 


t.i.hp. = (//j — //i) X 


200 


777.46 


X 


l.i.hp.=\.lU 


3.1000 


(Ih-ht) , . 

/.i./i6. = theoretical indicated horsepower per ton of refrigeration. 

in which //s = heat content of refrigerant leaving compressor. 

l-'nr ammonia at the standard conditions the horsepower is found 
as follows: 


( 712.0-613.3\ 

1 = 0.089 

61.3.3-138.9/ 


l.t 

Theoretical indicated horsepowers per ton are given in Table 20. 
Actual Indicated Power Requirements.— If the m.e.p. is deter- 
niintrthe power requirements may be readily found. The total force 
opposing the motion of the piston may be found by multipljmg the 

area of the piston by the m.e.p. Thus; 

Force = m.e.p. X area of piston 
or F * P X A. 

The work performed per wi.rking- stroke may be had by multi- 
plying the total force liy the length of the stroke m feet. Thus. 

\Vi)rk = force X distance 

orW,= (PXA)XL. 

The total work per nthtute ntay be obtained by multiplying the 
worT 1 e “ oke by the total nuntirer of working strokes per mtnute. 
^hus, work per nbnute i,t ft-lbs. in the single-act.ng compressor ,s 

e(|ual to 

To.alwo*:'f?tA)rLXN.. 

The horsepower may be obtained by dividing the total ' 
ft-lb per min^iy the number of ft-lbs. in one horsepower, which is 

3.V000. Thus, 


Horsepower = 


m.e.p. X area X length X r.p.m. 


33.000 
p X A X L X N 


or hp. — 


33000 
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Where hp. = horsepower 

P = m.e.p. in lbs. per sq. in. 

A = area of pisiun in sq. in. 

L = length of stroke in ft. 

N = r.p.m. = revolutions per min. 

The actual indicated horsepower rctjuiremenls are obtained by 
dividinff the theoretical amount by the volumetric efficiency, tints: 


a.i.hp. = 


a.i.hp. 4.712/H2-//i\ 
E, / 


£» 


in which — actual indicated horsepower per ton of re- 
frigeration. 

For vertical sin(,de-acting compressor with practicallv no clear- 
ance, the actual indicated horsepower is jfiven ;is follows; 


l.i.hp. 4.712/H2-//,\ 

a » 1 I 

E. E,\lli-k,/ 


For standard conditions, and for ammonia, it is found as follows: 


O.W) 4.712/712.0-61,V3\ 

a.i.hp.^ 1 — l«j 

i)MH 0AU\613J-138.^/ ' 


Input Horsepower.-The input power is that power taken from 
the electric power lines m case of electric drive, or the indicated power 
of the steam engine in case of steam engine drive. The input ex- 
coeds the actual indicated horsepower requirements by the amount 
<Iue to losses of friction, windage, etc., which usually amounts to 20 

per cent m medium sized plants. This corresponds to a combined 
mechanical efficiency of 83.3 per cent. 

The input horsepower requirements per ton of refrigeration are 
tound as follows: 


Input hp. 


a.i.hp. 4.712 /lU-Ih 


Em EsXEm 


■V/.-i/, / 


, . a.i.hp. 5.656///,-//, \ 

Input hp.= I ! I 

o.m E, / 


in which £" = ni«hanical efficiency of compressor and 

prime mover. 

Input hp . « input horsejwwer |>er ton of refrigeration. 

For ammonia at standard conditions, the inpnt ,.,nver per ton re 
frigeration is found as follows; ^ ^ 

0.833 I) 8.33 V 613.3 -138.6/ 



Table 29. Theoretical Indicated Horsepower Per Ton of Refrigeration Based on 

Bureau of Standards Ammonia Tables. 
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The corresponding input kilowatts arc obtained by nuilliplying llic 
input horsepower by the constant 0.746: 

Input kw. — Input hp. X 0.746. 

The corresponding horsepower-hours and kilowatt-hours per ton 
of refrigeration are found by multiplying the respective horsepowers 
and kilowatts by 24: 

Kw-hr. = Input kw. X 24. 

Hp-hr, ~ Input hp. X 24. 

The horsepower required for a given compressor cylinder may 
also be found, for a single-acting cylinder, as follows: 

P X LX A X N 

Iip. s* — 

396000 

P = mean cffeclive pressure in Ihs. per sq. in. 

L — length of stroke in inches, 
in which A *=area of piston in sq. in. 

N — r.p.m. 

The mean effective pressure, P, may be found as follows : 


P=* 


5.399 (H. — H.) 
V 


It should be noted that the foregoing new formula for the mean 

effective pressure is much .simpler to use than the older formula which 

required the use of logarithms for its solution. It should be further 

noted, that the above new formula gives values for the mean effective 

pressure which are accurate and thermodynamically consistent for 
all conditifins of operation. 

'‘"‘I?''’ F. and 86° F. in evaporator and 

condenser, the mean effective pressure is found to be: 

^ 5.399 (712.9-613.3) 

theMe'iem tZuiot 

By an inspection of Table 30 it will be noted that when the suction 

"icrease of condenser pressure increases 
slightly the horsepower required per ton, and that when the 

denser pressure is constant, increasing the suction pressure decreases 
the horsepower requirements greatly ^ (iecreases 

As previously indicated, the theoretical indicated horsepower mav 
be deternuned by means of the mean effective pressure of ire am- 



160 


PRINCIPLES OF REFRIGERATION 





CO 

X 

U2 

cu 

• 

t/) 

A 

♦ 

</) 

bU 

OS 

'/) 

c/> 

W 

a. 

> 

■■ 

H 

U 

bJ 

U« 

tb 

U] 

55 

S 

M 


o 

u 

o 

< 

H 


<N 


« 

O' 


OO 


.So^ 
O' IS 

u 

^v> 
i »o 


(A 

O 

u 

v5 *0 
PU 

4/ fO 

tfoo 

o 

00 

to 

CM 


fO 

o 


On 

4 

CM 

CN 


o 

C 


o 

iT) 

o 


A 

o 

o 


to 

O' 


u O 
1>C' 

o. 

E 

Ho 

c* 

'trt 

c 

'O® 

eto 

S 00 


Ho 

O 


<4 


CO 




O 


o 

O 


e 

tn 

'O 


o 

O 

>0 


9 Jll) 0 J 9 dUJ 9 j, 

3 uu«i 0 < 1^^3 


«ocoocso 33 -s«os«o :22 

— ^prtirir«?>H»Or^CMC''^ 0 ' 0 fM 50 

= S S: § ^ S » S « r- I- O -O O -o >0 -»• 


2ls2S5S5:^2S2^gS5:SS3:S 


O O r** O Q O O 
^ ^ <s r^ «r 

O ^ o 

CO 00 00 CO 00 GO CO 


o oooo oo 
O' O' O' ^ ^ ^ 

O •-< O O O 00 t<^ 
00 GO X 00 00 1 *^ 


lOOO^CMiOCMOOO^ 

CM Ol'^COC'Of^^i^t^, 
xo^d'OfoO'O^oo^ 


^lAOlOCMOW^OtO^ 


•ut ’bs 

jod 'sqi 

9 jns$ 9 j«£ 


5 


•t«ooo»ooot/^oog^©o^og 

^ 2 ' 52 g;^ 2 SS 2 :?^ 2 S§S 2 

SSS 222 SS 33 SSSg:g 52 

8SS£:2gS2S^JoSSS22o I 

;gSSSSS:§SS 3 KS?K 555 S 


: 5 £JQ 22 Sg^S 5 S 2 g 55 S 5 
K 3 S 3 SSSSSK;^Kg 5 ; 55 S 

S:§ 82 Sii= 2 SqSSSSS^£S 
gS 2 S:^^SS 5 SPSS^| 2 S 


j^}J52i;2SS2S©g^Ai232g® 


S"-oS222-°-2?22S2“?I 

^OrOC.«N-- I I I 1 I I I 1 


« ^ ^ 

o 3 nT»o I 


II 

% 


Inches of mercury below one standard atmosphere (29.92 in.). 



GENERAL PRINCIPLES OF THE COMPRESSION SYSTEM 161 


monia, or it may he determined l)y means of the variation of the heal 
contents. 

The actual amount of dis^jlacement re(]iiired in the coinprosor 
\ c e somewhat larger than the theoretical amount, since 

is always less than 100 per cent. In order 
to secure the estimate of the actual amount of displacement, the 
theoretical displacements must he divided by the volumetric effi- 
ciency, which means that the theoretical amount is increased to make 
up for the loss of effective displacement due to the inherent defects 
of the compressor. 


In similar manner, the brake hor.sei)ower required must he larj'cr 
than the actual indicated horsepower, due to the fact that power is 
lost m ovcrc.minjr the fricti-n of ihc machine, etc. This loss of power 

m operating the niacliinc is commonly termed “llic mechanical elfi- 
cicncy uf ihe machine.” Thus: 


b.hp. - 


a.i.hp. 


m.c.c. 

where b.hp, • brake horscp<»\vcr 

m.e.c, - mechanical efficiency of the compressor 

.After the brake horsepower of the compressor has been deter- 
mined, it is a comparatively easy matter to determine the liorsei>owcr 
of the motor, or the horsepower of the engine rcfiuircd in drive the 
comprcs.sor. In the case of the motor drive, it is evident that the lirako 
horsepower must he increased in proportion to the mechanical effi- 
ciency of the method of driving in order to determine the outimt 
horsepi.wer required from the motor. In the case of steam-engine 
drive, the indicated horsepower of the steam-engine may be obtained 
by .simply increasing the brake horsepower of the comjiressor in dire-'t 
proportion to the mechanical efficiency of (he steam-engine. 

rhe brake horsepower of the eompres.sor per ton of refrigeration 
IS found by the formula; 

a.i.hp. 4.712 ///,-//, \ 
b.hp.= 1 \ 

Em E,XEm\ri,-h, / 
in which mechanical efficiency of compressor. 


gas lo.nvh.g tl.e compressor is forced 
mto the condenser under high pressure and at a high tcmiierature 
The pressure ,s at such a point so that the mean temperature of the 
ammonia ts a few degrees above the average temperature of the con- 
denser water The heat, therefore, flows from the refrigerant into the 
ava. lah le condenser water, therel.y enoling and condensing the refrig- 
erant. In the first ,,art of the condenser the hot discharge gases from 
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ihe compressor arc cooled down to the saturation temperature. By 
further extraction of heat at a constant temperature, the medium will 
condense into its liquid form. Then by additional abstractions the 
liquid may be cooled a few degrees below saturation temperature. 
The case of ammonia working between 34.27 and 169.2 lbs. ab.. 

will be considered, assuming that the liquid ammonia f 

to 76®. The following tabulations show the condition of the ammonia 

at various points in the condenser : 


Condition at Entrance to Condenser: 2 io« p. 

Temperature / • V ' ' UV .’.V 7 Y 2.9 Btu. 

Condition at Entrance to Saturated Portion: P 

Temperature Btu. 

Heat content, saturated vapor ;••••. 

Condition at End of Saturated Portion : p 

Temperature Btu. 

Heat content of liquid 

Condition at End of Condenser : 76 <. p 

Temperature 127.4 Btu. 

Heat content of liquid 7 on _ 

The heat removed in ‘he superheated pordonJs equaUon2^ 

f,M.5 - 81.4; in Ure saturate_d 11 5 or the total cooling re- 

aftercooling portion, 138.9 127.4 • ’ 4075 r. 11.5 = 585.5 

ouired per pound of ammonia is equal to 81.4 + 

Itu The sLne result may be obtained by 

heat content of the ammonia before and after the . ^ 

7190 1274 = 585 5 Btu., the necessary cooling require 

U obvious tlat the condenser removes 

evaporator and the heat ^^jo°aT^eat removed by the con- 

aftercooling effect of the liqu 1309 574.O Btu. As previously 

denser water is equal to 712.9 ammonia from the refrigerator 

determined, the heat [^move / pj-ession was equivalent to 99.6 
was 474.4 Btu. and the i _^6 = 574.0 Btu. which corre- 

Btu. Their sum is equal to 4 / 4.4 + 

spends to the above value. 

Heat Removed in Co"denser.-The 
may be taken to be the beat equiy . evaporator per mm. 

Ter ?:n ^l^^ef^t ^ This may be stated in symbols as follows : 

i/c = o.i.A^X42.44-^-200 
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For ammonia at the staiulard conditions of 5° and F. in the 
evaporator and condenser respectively, and for vertical single-acting 
compressors, the heat to be removed in the condenser may he found 
as follows ; 


r/7l2.<)-613.3\ 1 1 

//, = 200 I + iL 

l\613.3-138.9/0,834 J 
= 250,3 Btu. per ton of refrigeration per min. 

If the liquid ammonia is aftcrcooled to 75° F., the heat to he re 
moved in the condenser is found as follows; 


//c = 200 


712.9-6U.3\ 1 


)o.i 


L\613.3-126.2/0.834 J 

» 249.0 Btu. per ton of refriKeration per min. 



Fig. 29. — Pressure Volume Diagram. 


Cooling Water Requirements.— From the foregoing it is apparent 
that the amount of heat to he removed from the refrigerant may be 
found by noting the difTerence between the heat content of the super- 
heated gas as It enters the condenser and the heat content of the liquid 
leaving the condenser. Thus, in the previous example it was found 
that when the litjuul is aftcrcooled to 76° F.. the heat to be extracted 
rom the ammonia was 712.9 - 127.4 = 585.5 Btu. per lb. It is. there- 
fore, necessary to put cnougli water through the condenser to absorb 
this heat, heating the water a few degrees. Should the temperature of 
the water raise 8° h. m passing through the condenser, that is, heating 
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from 70 lo 7H I'., tor example, ilie aiiKmiil of water In be circulated 
or supplied will he found as follows, since the specific heal of water 

is 1 ;0: 

Heat removed by water = (7S* 7(1° J X 1 — S Btu. per lb. 

585,5 

l.bs. of water ^rjuired 73.2 lbs. per lb. of ammonia. 


8 


73.2 


(jallons of water = 8.78 gallons per It), of ammonia. 

8.33 

Gallons per ton of refrigeration = 0.422 X 8.78 — 3.70 g.p.ni. 

Water Requirements for Condenser. -The water requirements for 
the condenser will depend upon the heat to be removed in the con- 
denser and the relative temperature range of the water in passing 
through the condenser. The relationship may be staled as follows: 


Ih 


e.p.m.= 


Ih- 

2 ()() 




P.fi.ni. = - 


8..t3 


2t 


l\ //,-//,/£. J 




in which g.p.ffi. =gallons of wateJ required per min. per ton of 

refrigeration. 

<,»outlet temp, of water 
/i = inlet temp, of water 

For standard condUmns 5^^and^86 ^ F;'virh^thc'’liquiTamm<)nia 

the water requirements are found as tullows: 


g.p.m. 


" LV613.3-l2fi.2/0.83t J 
(80-70) _ 

= 3.005 per ton refrigeration. 


Heat Removed in Different Parts of Condenser^The quantmes ot 

heat to be removed in the superheater, °the fol- 

tions of a condenser of the counter-current type are g > 

lowing equations: 

200 L 

Forliquefier: Hv = 


wliich L = latent hea^t^f condensation at the condenser pressure. 


in 
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For aftcrcoolcr: 

200 (/n— /;,) 

— • 

(W. — A,) 

in which h-, = heat content of refrigerant sal. rond. temp. 

For superheater: //. = //, - (//l -f h.) 

The heats, Hl, H, and II, are the umoiiiUs of heat in But. to l^e re- 
moved per min. per ton of refrigeration. 


Surface Requirements for Condenser. The heat iransmittinj; sur- 
face reciuircd for the condenser will depend upon the amount of heat 
to be removed, the mean temperature difference between the condens- 
ing refrigerant and the water, and the heat transfer rale or cocnicieni 
of the effecti\e surface. 

The average mean temperature difference for the whole condenser 
may he calculated by the following formula : 

lie 



//f» IIl //h 

h It u 

in which /d = true mean temp, differeme tor whole condenser 
/a = mean temp. diff. of aftercooler. 

/L = mean temp. diff. of liquefier. 
ts^mean temp. diff. of superheater. 

The mean temperature differences of the aflercoolcr, Ihiuefier, and 
superheater portions, and may be calculated as follows for a 
counter-current condenser such as a double-pipe condenser : 


/a =0.4342 


/u =0.4342 


(U-U) 
log. 

«»-/•) 




t. =0.4342 


log. 

«4-/7) 

U%-h)-Ui-h) 


log. 




in which /, =temp. of water at inlet to condenser 
fj =temp. of water at outlet of condenser 
h-temp. of refrigerant from compressor for adiabatic 
compression. « 

/4»temp, of condensation. 

/*“temp4 of aftercooled refrigerant. 

<4*temp. of water at outlet of aftcrcooler. 
f?*temp. of water at outlet of liquefier. 
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In the foregoing, the temperatures of the water at the end of the 
aftercooler and superheater portions are found as follows: 

U = h+ — ih-h) 

He 

The surface requirements may then be calculated as follows: 



^ KU Kid 

in which A *area of surface in sq. ft. per ton of refrigeration. 

X=“heat transfer coefficient, Btu per hr. per sq. ft. 
per deg. temp. diff. 



The heat transfer coefficients will depend upon 
the condenser surface, the velocity of the fluids, surface e ■ 
following values are some conservative estimates of the c 

the different forms of condensers : 
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Kind of Condenser 

Double-pipe 

Horizontal Shell-and-Tube 
Vertical Shell-and-Tube .. 

Atmospheric 

Submerged 


Heat transfer coefficient, K, 
Btn. per sq. ft. per iir. 
per deg. of temp. diff. 

150 

ISO 

125 

50 

30 


Condenser Calculation. — It is desired to detennine the surface re- 
(luirements for a double-pipe condenser, which is supplied wilh water 
at 70° F., heats the water to 80° F.. and operates on a system lia\ ing a 
5° F. evaporating temperature and 86° F. condenser temperature. The 
various ciuantities are calculated as follows, when the liciuid is after- 
cooled to 75° F. : 


200 


He = 249 

Ha«(138.9— 126.2) = 5 22 

.. 613.3-126.2 

200X492.6 

lit 202.2 

613.3-1262 

/f.-249-(202.2-1.5.22)-41,58 

<*=210* from ammonia table 
/«= 86 * 

5.22 

(80-70) -70.21* 

249 

(5.22-h202.2)X10 

A -70 -I— ^ = 78,33* 

249 

0.4342- 9 


log. 


(86-70.21) 


(75-70) 

=11 25 ® 


log. 


(86-70.21) 


(86-78.33) 


log. 


<d 


(210-80) 

(86-78.33) 

249 


5.22 202.2 41.S8 

H + 


-12.77* 


9.36 11.25 ■ 43.2 

249 X 60 

^ — 7.80 sq. ft. 
150X12.77 ^ 
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Condenser Pressures, Water Temperatures, Etc.— Figs. ?> 0 , 31, 32. 
33. and 34 have been prepared to show graphically how the amounls 
of'surlace, condenser pressures, and quantities of water for double- 
pipe, standard atmospheric, bleeder-type, single-pass shell-and-tube 
and V-pass multi-lube type ccjiidensers vary with the increase of the 
initial temperature uf the condenser water. Generally speaking, under 
average conditions these amounts of surfaces and water are to be rec- 
ommended for plants in the United States in order to obtain maximum 
economv. The charts give the surface in lineal feet of condenser pipe. 



Figs. 30, 31, 32, 33 and 34 show .he also 

pumped to the condenser under average ->■ , “ initial 

show how the quantity ot water should \ar> ^Mth the 

the approximate ™ndenser press... tl^tn^y 

be expected with the correspond.i.g amounts of 

the various types of common condensers. The cOTden^r ^ 

an actual plant may vary somewhat from , „,e pres- 

which may be due to the general operating condition, such as p 

mice of air in the system, amount of oii in the condenser, eU. 
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From the foregoing, it will be observed that the magnitude of the 
condenser pressure will depend upon three variables: The initial tem- 
perature of the condenser water, the quantity of the condenser water, 
and the magnitude of the condenser surface. It is evident that if the 
condenser surface and water are not supplied in sufficient quantities, 
the temperature difference must be correspondingly larger, ihis larger 



temperature difference between ‘h« thVt the con- 

erant and the average tempera Due to the fact that 

denser pressure must be ^^rP^iLrant must be always a few 

the temperature of the condensing g evident that the in- 
degrees above the temperature o ^ manner, in- 
crease of the temperature of the w "^i<,erant„ which in turn 

crease the average temperature of the retri^eran ,. 

means a higher condenser pressure. 


Diagram of Cyele.-Due to the fact that 
diagram is destined to become a ^ nfpre graphical 

has been prepared to 

Slagram prepared br^e Bureau of Standards, together with other Imes 
which show the different cycles of operation. 
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For the purpose of illustrating and calculating the various (luanli- 
ties, it will be assumed that the saturated temperatures are 5'' V. and 
86* F. in the evaporator and condenser respectively. IIowc\ er, lo il- 
lustrate the use of pressure heat-content diagram, the following ther- 
modynamic laws must be held in mind ; First, in a process which occurs 
at constant pressure, the increase in heat content is ccpial to the heat 
added; second, in adiabatic compression, the compression takes place 
at constant entropy, so that the theoretical equivalent of the work done 
by the compressor is equal to the change in the heat cojitcnt of ammo- 
nia between the inlet and outlet to the compressor; third, in a throt- 
tling process, such as occurs at the expansion valve, the heat content 
of ammonia before and after passing through the expansion valve is 
the same (providing the velocity of ammonia is the same in both cases) . 
In addition to the foregoing conditions, it will be further assumed that 
there is no transmission of heat between the ammonia and its sur- 
roundings, except in the condenser and evaporator unless, however, it 
is specifically mentioned that the liquid is aftcrcooled or that the satu- 
rated vapor is superheated. Also it is assumed that tliere is no friction 
in the system. With these limiting conditions, it is well to study the 
different phases of the diflferent cycles of operation as indicated on 

Fig. 35. 


Problems of Standard Conditions. — The pressures corresponding to 
the saturated temperatures of 5* F. and 86* F. in the evaporator and 
condenser may be graphically read from the saturated liquid line, 
which contain temperature at intervals of 2* F. Reading on this satu- 
rated liquid line at 5* F. and 86* F., the corresponding absolute pres- 
sure of the ammonia is seen to be 34.27 and 169.2 lbs. per .sq. in. Start- 
ing with the saturated liquid ammonia coming from the condenser at 
86* F., the stale point representing this condition may be located on 
the diagram at the point where the 169.2 lbs. pressure line or 86* F. 
temperature line intersects the saturated liquid line. This is shown at 
the point A on Fig. 35. 

In a similar manner, since the process in the expansion or throttling 
va ye IS one of constant heat content, the line representing this process 
will be vertical on this diagram, and is represented by the line AB 
which line IS determined by drawing a vertical line through the point A 
until It intersects the 34.2Mb. pressure line or the 5° F. temperature 
me at right ang es, at point B. The relation of point B in reference to 
the point K and C on the saturated liquid and saturated vapor lines 
deternunes the amount of liquid ammonia which has been evaporated 
to cool the ammonia from 86° to 5° F. This may be read from 'the 
diagram at point B. by reference to the constant quality curves on the 
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Fig, 35, — Heat Content Pressure Diagram for Ammonia. 
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Bureau of Standards pressure heat-contem diujiram. This is seen l(* 
be 0.160. This means that 16 per cent of the ammonia has been evapo- 
rated at the expansion valve. The qualitv t>f the mixiure may be cal- 
culated by noting that the percentage of' vapor in the mixiure at the 
evaporator is proportionate to KB KC. The heat contents at points 
A, B, and C, are 48..1, 1.18.9 and 61.1..1 Btu. respectively, The calcula- 
tion of the amount evaporated is, therefore, as follows: 


138 . 9 - 48.3 

613 , 3 - 48,3 


= 0,1603 


When the heat is applied to the ammonia mixture in the evaporator, 
it evaporates at constant pre.ssure until the mixture is changed to satu- 
rated va])or, or superheated vapor. If the ammonia is changed to satu- 
rated vapor, the im>cess of evaporation in the evam.rator will be reure- 
sented by line BC in big. 35. * 

I-rom the i>ressure heat-content diagram, the heal content of the 
ammonia vapor at 5^ F. temperature or 34.3 lbs. as represented l.v 
point C on iMg. 35 is etpial to 613.4 Btu. per lb. The amount of heat 
renuwed in the evaporator is. therefore, equal to the diHerence of heat 
contents at points IS and C, which in this case, is equal to 611 ^ — MS 9 

— 474.4 Btu. ■' ' ' 

The .specific volume of the saturated vapor at 5° F. is seen to be 
near 8,2 cu. ft. per lb. from the chart. If the saturated vapor at 5'’ F 
IS compressed adiabatically. to a pressure of 169.2 lbs. corresponding 
to the saturated temperature of 86^ F.. the compression will I'e repre" 
sented b> line U), which must coincide with a constant entropy line 
which may he interpolated) through point C. The point D, lying on 
the 169.2 Ihs. pre.ssure line, represents the condition of the superheated 
vapor after adiabatic compression. 

brofn the Bureau of Stamiards pressure heat-content diagram, the 
toHowing conditions may be determined: specific volume, 2.36 cu. ft. 
per lb. ; heat content, 712.9 Blu. per Ih. ; temperature 210° F 

The heal equivalent of the adiabatic work of compres.si.m is repre- 
sented by the difference of heat content at points C and 1). which In 

this case, is equal to 712.9 -613.3 =99.6. Btu peril) 

When the superheated ammonia vapor passes through tl.c con- 
denser it IS cooled at constant pressure until the condeiling (satu- 
ated) temperature IS reached. This process of cooling is repLented 
>y lints DI III f-ig. 3x The process of the condensing ammonia in the 
-H, denser is represented by line /.4. Consequentlv. fhe heal removed 
m the condenser will he the difference in heat contents of ammonia 

at points D and ,4 winch, and m this ca.se. is 712.9 - 138 9 = 574 Btu 
per lb. 
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It should be noted that the heat absorbed in the evaporator and heat 
added in the compress.-r will be equal to the heat rejected in the am- 
monia condenser ; in this case, this is equal to 99.6 + 474.4 — 574 Btu. 

^’^'rrom the foregoing, it will be noted that the diagram on 

Fig 35 represents the drv compression refrigeration cycle under the 
assumed conditions and when there is no aftercooling of liquid ammo- 
nia, and when the suction vapor comes to the compressor in a saturatea 

state. 


Calculation of Additional Constants.— With the foregoing values of 
fundamental constants, additi.mal and important factors may be calcii- 
lated. Since a ton of refrigeration is the removal of heat at the rate o 
200 Btu. i;er min., the amount of ammonia to be evaporated per mm. 
to alisorl) heat at this rate may be calculated as follows; 


200 


Lbs. per min. per ton — 


474.4 


= 0.4216 


When the connnessor volumetric efficiency is 100 per cent, the theo- 
retical timount of piston displacement required t^o " 

, apor at the rate of one ton of refrigeration per day ts found as follou 

Theoretical displacement = 8.2 X 0.4216 = 3.457 cu. ft. per min. 

Sb:. 2 s,rir :;.nr 

calculated as follows : 

99.6X0.4216 
Theoretical hp. 

logTh: maHitlf—d 

of the work of compression. ,-,,ninred oer min. per ton of re- 

The theoretical amount of heat eq P 99 6 X 0.4216. The 

frigeration for adiabatic compressmn ® follows: 

coefficient of performance would therefore be calculated 

200 _ ^ 

Coefficient of performance - q 4216 X 99^ 

other Cycles of Operation.-In 
dry compression with no superheating or aftereoohng, 

additional cycles of operation may be noted. 
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1. Dry compression cycle with liquid uniinonia aflcrcoolod to <i0° Iv 
as it comes from the condenser. 

2. Dry compression with the suction vapor superhcaled to 40 !•', 

3. Dry compression with both aftercoolin^ aiul superheating; ef- 
fects. 

4. Wet compression cycle with no aftercoolinjj. 

In the first case, the cooling; of liquid ammonia from the saturated 

temperature of 86® F. to a temperature of CO® F. would be shown on 

the pressure heat-content diagram by a horizontal movement of the 

state point along the 169.2 lbs. pressure line. This cooling is denoted 

in Fig. 35 by the line AE. The process of e.\pansion, through the ck- 

pansion and throttling valve, being a process of constant heat content, 

is represented, therefore, by the vertical line drawn through E until it 

intersects 34.27-lb. pressure line at right angles at F. The cycle of 

operation with dry compression, and no superheating of the suction 

\apor but with aftercooling would, therefore, be represented by the 
diagram EFCDE. ^ 

In the event that the vapor coming from the evaporator is heated 
Defore It reaches the compressor to a temiierature of 40® F., this process 
denoted by a horizontal movement of the state point along 
e 4.27 pressure line until the 40® F. temperature line is intersected, 
as at point G in Fig. 35. The cycle of operation with no liquid after- 
coolmg but with superheated suction vapor would be, therefore, shown 
y . ■ event that both liquid aftercooling to 60® F. and 

super to 40 F. occurs at the same time, the cvcles of operation 

would be shown by the diagram EFGHE in Fig. 35. 

In wet compression cycle, enough liquid ammonia is taken into the 
compressor to absorb the heat generated by the compression of the 
vapor, rhcoretically, just enough liquid should be taken into the com- 
pressor so that the vapor should be in the saturated state at the end of 
the compression. However, under practical conditions a few degrees 

0 superheating are required. Assuming that it is desired to maintain 
the compressed ammonia vapor in the saturated slate at the end of 

lnT,r following a ennstant entropy line through the 

po nt / un .1 ,t intersects the 34.27-]b. pressure line at point J on Fig 35 

1 by point / and may bf ob- 

.nagran,:::r^,p--“---^ 

ope^iii:: r ^ 



Table 31.— Fundamental Constants. 
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heal-contciU diagram, as shown in Fig. 35. The calculalcd rcsnlt> of 
some of the other fundamental constants are shown also in Table 31, 
All of the foregoing cycles of operation have been shown in h'ig. 35 
for the operating temperature of 5- F. and V. in the evaporator and 
condenser respectively. Other cycles of operation for any o]>eraling 
prc.ssures between 5 and 300 lbs. per sq. in. abs. pressure may be shewn 
in a manner similar to Fig. 35. 


Diagram of System.— Fig. 36. is a diagram of the ammonia com- 
pression refrigerating system suggested by the author to his brother, 
O. W. Motz, who incorporated it into his tlicsis for H. .'5. degree in me- 
chanical engineering, at the Rose Polytechnic Institute, d'erre Haute, 
Ind,, in June, 1925. This diagram gives a good picture of the changes 
of temperature, pressure, volume, heal content an<l entropy in a com- 
plete comi)rcssion system, during a complete cycle of operations. It is 
based on the following projjositions : 


1. Saturated condenser temperature = 8f)* F. 

6. Saturated evaporator tcmj)erature = 5* F. 

. 1 . Refrigerator temperature = 25° F. 

4. Water temperature rise in condenser 80 — 70 10° F. 

5. In tlic constant pressure processes in the cmidenser and evaporator, the 
licat change is equal to the change in heat content. 

6. In an adiabatic compression, the heat equivalent of the work compression 

IS equal to the change of heat content of refrigerant between inlet and outlet. 

/. In a throttling process, such as occurs at the expansion valve, the heat 
content IS constant. 

8, There is no loss by friction or radiation. 


Ill big. .36, the parts of the compression system arc .shown in dia- 
gr.mimalic form. 1 he diagrams for the evaporator and condenser show 
how the volumes of the liquid and vapor vary. 

In big. 36, the lines and curves have the following meanings: 


Lmc A. B, C, D, E, F, G represents change of temperature. 

I w’ ^ represents change of absolute pressure. 

Line M, N, O, P, Q, R, S, T represents change of specific volume. 
Line U, V, W, X, Y, Z represents change of heat content. 

Lmc abede represents change of entropy. 


Throttling of Liquid.— Due to the fact that the pressure in the 
evaporator is always below that in the condenser, the liquid refrigerant 
coming from the liquid storage tank or receiver must be throttled The 
liquid may he at the saturation temperature corre.sponding to the con- 
denser pressure, hut its pressure drop or amount of throttling is the 
.same in cither ca.se. The temperature of the liquid refrigerant is re- 
duced from that existing before the valve or throttle device to the 
saturated temperature corresponding if) the pressure in the evaporator. 

/LvaJH^/c.— Saturated liquid ammonia is throttled from absolute 
pressure of 169.2 lbs. to 34.27 lbs. What is the temperature drop? 
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Soi.i TloN— Saturated tcmr>erature at 169.2 lbs. - 86° F. 

Saturated temperature at 34.2/ lbs. — 3 » • 

Temperature drop 


= 8 r F, 


1 emperature — • • 

/■ condenses at a saturated “^'"P"****" f ’ 

Iv ; evaporating temperature is 5 » F., what ,s pressure drop tn espan 

sion valve? 


Soi.VT.oN-Absolute pressure at 86° sat. temp. ^ 1^*9 jO jbj. 

Absolute pressure at 5 sat. temp. 


Total drop of pressure - 15-^-93 lbs. 

, -he ahove temperature dnjpof81=Kmtdp.ssure drop 0 ( 1 ... 

Ihs. are represented l.v hnes .-M. and ^t 86 ” F h^ 

If the liquid amnuuiia ^ j. be cooled to 5 F. 

heat content is 138.9 Blu. per .* ^ content of liquid 

To do this some of lic.uid ts J‘’;,,'fference, -f ■’ 

•uummiia tit 5 ” F. is.lS .3 ^ool the liquid. This heat. 90.6 Btu 

1.. ..»» "s™ ■»:». -“«5. p.. 

1 K|UI< 1 . It shoul heat oi j change 

.JX" " S'is-S «- 

:l “ ’ 

a02°43°cr’ft. : = 0.02d4 X ^ ffi 

Volume of vapor ^ 1,3268 

Total volume, cu. ft- P ^ 1 3268 tu. ft- represen 

s:S5 £ S "S/iSaSS 
sktsKfrlss 

of the mixture atte 




Fix. 36. — DUgram of the Ammonia Compraftaion Refrigtratinc Syaiem. 
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Entropy of liquid = 0.8397 X 0.1092 — 0.0917 
Entropy of vapor = 0.1603 X 1.3253 = 0.2124 

Total entropy of mixture = 0.3041 

The entropy of 0.3041 of the mixture after the expansion is repre- 
sented by point b of Fig. 36. 

Evaporation of Liquid Refrigerant. — Neglecting friction and other 
lt)sses, the evaporation of the refrigerant takes place at constant pres- 
sure and temperature. The relative temperature of evaporation will 
depend upon the pressure maintained in the evaporator. Thus for am- 
monia evaporating at 5® F. the absolute pressure would be 34.27 lbs. 
per sq. in. 

The line BB' of Fig. 36, represents the temperature in the evapora- 
tor for ammonia at 5® F. The line II' represents the corresponding 
pressure. The line A'B" represents a constant refrigerator tempera- 
ture of 25® F. 

If the ammonia vapor leaves the evaporator in a dry and saturated 
state its heat content would be 613.3 Btu. per lb. or represented by 
point V of Fig. 36, If the liquid contains no vapor and is at a tempera- 
ture of 86® F. at the expansion valve, its heat content is 1.38.9 Btu, per 
lb. Evidently the heat absorbed in the evaporator is 613.3 — 138.9 = 
474.4 Htu. per lb. This process is represented by line UV of Fig. 36. 

If the ammonia vapor leaves the evaporator in the dry and saturated 
state, its volume would be 8.15 cu. ft. per lb. under the volume increases 
in the evaporator from 1.3268 to 8.15, which process is presented by 
line NO of Fig. 36. 

Compression of Vapor. — Since the compression is adiabatic and 
since entropy may be defined as ratio of the actual heat added to the 
absolute temperature, it is evident that the entropy of the gas will re- 
main constant during the compression of the gas. This fact, together 
with the data in the U. S. Bureau of Standards Ammonia Tables, makes 
it possible to determine the condition of the gas at any point in the 
compression stroke of the compressor. From the tables it will be noted 
that the entropy of vapor at 5® F. and 34.27 lbs. is 1.3253. Thus by re- 
ferring to the superheat ammonia tables it is possible to obtain from 
these the temperature, heat content and specific volume at any point 
of compression stroke. Thus, by using adiabatic compression with a 
constant entropy of 1..3253. it is possible to obtain the following values 
of temperature, heat content, specific volume, and stroke volume for 
the various compression pressures as shown in Table 32. 

Columns 1 , 2, 3 and 4 may be obtained from the superheat ammonia 
table at a constant entropy of 1.3253. Column 5, giving the percentage 
of stroke completed for the pressures shown in column I, may be calcu- 
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l AHiK .li. -Condition ok Ammonia i)rK;NG Compbkssiun. 

Hy <1. w. MoTZ 


AI)''ohire 

|K«. per 
^<1, m. 

1 

Temperature 

of 

dec. F. 

> 

Heal 

content 

Riu. i>er ll». 

3 

Specific 
volume 
cu. ft. per lb. 

A 

Percentage 
of stroke 
completed 

5 

34 27 

5.0 

613.3 

8.150 

0.00 

so 

47.2 

633.7 

6.094 

25.24 


96.9 

657.8 

4.455 

45,34 

100 

1 .34.7 

676.1 

3.562 

56.32 

1 ’S 

165.7 

691.2 

2.991 

63.30 

1 so 

191.9 

704.0 

2.592 

68.20 

1fi9.2 

209.7 

712.9 

2.358 

71,09 


latCfl follows: The compressor cylinder may be considered to have 
a volume of 8.15 cu. It, which corresponds to the specific volume of the 
intake ammonia. From the tables it is found that specific volume when 
the ])rcssare reaches \W2 lbs. is 2.y?K consequently the percentage ot 
stroke completed at this point is calculated as follows: 

(8.150 - 2.3.58) 8.150 = 0.7109 = 71.09%. 

The foregoing data are shown graphically by Fig. 36: 

1 inc CDD' shows timiicraturcs (luring compression. 

1 .inc J K K' shows pressures (hiring compression. 

1 inc PQQ' shows specific volumes dunng compression. 

I-ine WXX' shows heat contents during compression. 

Line cd shows entropy during compression. 

Condensation of Vapor.-For the 5° F. and R6” F^ standard tomli- 
tions it was previously shown that the vapor leaves the compressor at 
a temperaluJ!: of 209.7° F., due to theoretical adiabatic compressio 
This is the temperature of the vapor at entrance h. the ” 

the condenser has sufficient surface and water which rises ftom 70 t 
S0° F. in passing thronsh it, the condenser temperaUire may he ^ F 

process is p y begin to condense, «'ind will 

reaches the temperature of 86 F. it r>egin i ,,.ndensed 

remain at a constant temperature until the vapor is > 

This action is represented hue Fa ^n 

denser, the water IS heated from 70 to oO F. 

’"'"in passing through the condenser the volume of the 

creases rapidly, since it comes in as a superheated vapor lea ‘ 

a liquid. For ammonia under the standard conditions it has beei I 
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vinusly shown that the spccilio volume <*l' the >ja> a> iliscliai^oil !>v the 
compressor is 2.,^56 cu. ft. per Ih. At a coiulcnsinj; tompcraluro ol 8'*' 
1'., the specific volume is found to he 1.772 from the ammonia tahle-' 
also, if the liquid leaves the condenser at !«., its specific volume is 
found to he 0.02(/) from the tables. This ehaujje of volume of the am- 
monia during condensation is shown by line RST of Fig. M>. 

Since the gas enters the condenser at a temperature of 2n<),7 F. 
and at a pressure of 160.2 lbs., the heal content is 712.0 Btu. per lb. If 
the gas is cooled at a constant pressure of 160.2 lbs. to a temperature 
of 86^ F. its heat content will be 6.M.5 Btu. The difTerence, 712.0 - 
6.M.5 = 81.4 Btu,, is the superheat in the gas for the conditions stated. 
Nfiw. if the vapor is entirely condensed an.! is at a pressure of loO,2 lbs. 
and temperature of 86'’ F.. the heal content <.f the li<|uid will be ).W0 
Btu. per lb. The difTerence. 631.5 - l.^S.O = 402.6 Btu., represents the 
latent heat f)f condensation. 

The line YV'Z represents the f-.rcg(.ing change <.l heat cnleiil .f 

the ammonia as it ])asscs through the condenser under the stateil con- 
ditions. 

It has been previously shown that the eulmpv of the gas leaviiv’ 
the com])ressor is 1..^2.=i.T. This is the entroj.y of'the gas as it eniei> 
the c<.ndcnser, and is represented by point d of Fig. .36. Vnnu the am- 
monia tables it may be found that the entropy of the li(|uid leaving the 
condenser at ST)® h. is 0.2875. This is represented bv point e The 
line de therefore represents the change of entn.py of 'the ammonia as 
It passes through the condenser under the assumed condititms. 

Compound Ammonia Compression— In previous vears. it has hecn 
considered economical to install the ammonia uhsoriMion refrigerating 
machine when the temperalnres in the cold storage ])!ani were Mich 
that the suction pressure must he carried below 10 lbs. per sq. in. gauge. 
It IS obvious that many single-stage ammonia compression plants are 
installed which operate at a lower suction jiressure, hut for economical 
operation, as previously indicated, the ammonia absorption or com- 
pound compression system should be used. The two-stage ammonia 
compression system is somewhat more complicated than the simple 
compression system, and consists of the following major parts of ap- 
paratus: Low-pressure compressor cylinder, high-pressure compressor 
cylinder, low-pressure discharge vapor cooler, and an interme<liate re- 
ceiver. The low-pressure compressor cylinder draws in the ammonia 
vapor from the evaporator. It is compressed to a medium pressure in 
the low-pressure cylinder and is discharged into a gas cooler This is 
generally cooled by means of water and is used for the purpose of re- 
moving the superheat of the ammonia gas. In low temperature work 
he desuperheating and cooling of the liquid refrigerant may be done 
l)y direct expansion since both are done at low temperature levels. 
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The ammonia vapor from the gas cooler is next led to an interme- 
diate receiver. The liquid coming from the ammotiia condenser, or the 
ammonia liquid cooler, is expanded into this intermediate receiver or 
trap. The vapor which is produced due to cooling the liejuid from the 
temperature at the inlet to the temperature corresponding to the pres- 
sure in the gas cooler, unites with the vapor coming from the gas 
cooler and is drawn into the high pressure cylinder. The liigh pressure 
cylinder takes this vapor at the medium pressure and discharges it 
into the condenser against the condenser pressure. 

The liquid from the bottom of the intermediate receiver or trap is 
led to the evaporator, and the pressure is reduced from the pressure in 
the intermediate trap and vapor cooler to that in the evaporator by 
means of an expansion or regulating valve. The principal advantages 
.secured by compound ammonia compression are the reduction of horse- 
power required for compression, the reduction of the discharge tem- 
perature, etc. 

Mr. George A. Horne of New York read a paper at the annual meet- 
ing of the American Society of Refrigerating Kngineers in 1921, in 
w ich he described an elaborate test which was performed on a com- 
pound ammonia compression system in New York. Tlie compressors 
vvere direct-connected synchronous motor-driven, having horizontal 
ou e-acting compressor cylinders. The test was performed upon a 
machine having a 22-in. diameter low-pressure cylinder and 13-in. 
diameter high-pressure cylinder, both cylinders having a stroke of 24 
in. these compressors operated at a speed of 150 r.p.m. Fig. 37 is a 
diagrammatic reproduction of the connections in this plant. In Fig 37 
i.s also show-n the temperatures at the various parts of the cycle during 

he test ,.erformed on October 17, 1921.' The log of this test is shown 
by Table 33. 


Another arrangement of two-stage compression is illustrated in 
ig. 38. It will be seen that the two compressors are on the same shaft, 
like any cross-compound steam-engine, and as a rule the receiver (in- 
termediate cooler) pressure is designed so as to-provide equal work in 
each cylinder. The only time this is deviated from is when it is de- 
sired to operate with two suction pressures, in which case a receiver 
pressure of 20 to 25 lbs. is carried. 


pressure cylinder has a temnera 
ture of 120-180 F., depending on the pressure in the intercooler ^Thc 
temperature to which this may be cooled by the available cooling water 
may vary from 55 to 90 or more degrees, which is not enough for ell 
nomical operation. In consequence some other means of cooling must 
be obtained. Referring to the diagrammatical arrangement it will he 
seen that a certain amount of the liquid ammonia from the lin,.J 
ceiver passes first into a special trap accumulator, and any surplus 




Fig. 37.— Compound Ammonia Compression Plant. 
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flows by gravity into the so-called licjui<l cooler. It will be noticed that 
the compressed gas from the low pressure cylinder, cooled to as low 
a temperature as is possible by the water-cooled intercooler, mixes in 
direct contact with the liquid ammonia from the receiver, which is now 
at the pressure maintained in the intercooler which may be approxi- 
mately 25 lbs. or 50 lbs. gauge, depending on the requirements. The 
saturation temperature in the trap depends on the pressure, of course, 
and will be about 12® F. to 34® F., as the case may be. Therefore, the 
gas leaving the trap, which has suitable drying bafiles, will be cooled 
down to its temperature of saturation and the suction to the high- 
pressure cylinder will be in the best condition for efficient compression. 

It will be noted from what precedes that some of the cooling in the 
itUercooler was done by the liquid ammonia, and it may appear at first 
that no advantage can be derived from such a device. However, to 
make a typical example, the volume of one pound of ammonia at 50 
lbs. gauge and a temperature of 84® F. is 5.03 cu. ft., whereas at the 
temperature of saturation it is 4.45 cu. ft.; or the volume is increased 
13.0 per cent by the superheat present. But to cool this ps causes 
the vaporization of some liquid ammonia and the amount is equal to 
the difference (30.5 Btu.) in the total heat divided by the latent heat 
of vaporization (541.5 Btu.) or 5.6 per cent, thereby saving in piston 
displacement and work done in the high pressure cylinder the amoun 
of the difference or 7.4 per cent. This is a typical example which will 
be substantially correct for any case which is calculated. 

Referring again to the diagram, it will seem that the ammonia pass- 
ing to the “refrigerator” has to flow through a coil P'P^ J" “’e hqu|^J 
cooler. The liquid cooler is open to the suction of the high pressine 
cylinder and to the trap or intercooler, and is maintained at the tem- 
perature of boiling amLnia at this pressure by the ammonia which 
d^'nroffTrom the'trap. The result is rtat the ‘-pera nre o h an. 
monia at the refrigeration expansion valve is precoolcd, in consequence 

of which some ammonia ontside the coils in the 

Here again it may be said that no advantage can be by 

precooling, because ammonia is evaporated m the process but these 
Le not alTof the facts. In every refrigerating Pl^nt, before useful e 
frigeration work may be performed, it is necessary to ool he ^md 

ammonia to the temperature at which '"“‘■‘"S^kes place 
frigerating coils. If the ammonia is cooled to 60” F. m the “'idenser 

and the temperature in the cooling coils is zero, I 

the liquid will be used up and vaporized before any useful refr = 

is performed. The vapor caused by this vaporization "’.11 pa*s mto 

and clog the coils if no accumulator is used, and will subsequently re 

turn to^the compressor. The vaporization takes place, but in 
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stages, and that which occurs in the liquid cooler has to be compressed 
only in the high pressure cylinder. The saving is self evident. 

It is well-known that the use of clearance in ammonia compressors 
does not decrease the efficiency of operation, but that it is a necessity 
for high speed compressors in order to cushion properly the recipro- 
cating parts. The re-expansion of the gas in the clearance volume, of 
course, decreases the volumetric efficiency, but this re-expansion re- 
turns the work of compression to this piston. The net result is iluu 
it is only necessary (where clearance decreases the efifeclive suction 
stroke) to increase the speed. However, in low temperature work the 
re-expansion in the clearance becomes excessive for single-stage com- 
pression, and the result is that quite a large increase in piston displace- 
ment would have to be made if the results were to be obtained. 

Finally, there is the question of disintegration of ammonia for ex- 
treme conditions. Although the information is not definite as regards 
the stability of this chemical, yet it seems reasonably clear that, for 
extreme conditions of pressure and temperature, ammonia will tend to 
break up into hydrogen and nitrogen. These so-called “perfect gases” 
collect in the condenser and increase the condenser pressure and ha\ e 
to be purged out of the system as required. Usually a two-stage sys- 
tem keeps the operating temperature down to below 200" F. 

Another type of two-stage compression system is illustrated in 
Fig, 39. Here the gas from the evaporator enters the low-pressure 
cylinder through the gas suction line and scale trap. After being com- 
pressed in the low-pressure cylinder the gas enters the flash gas re- 
ceiver and intercooler. Liquid ammonia from the receiver is intro- 
duced into this vessel by means of a liquid level regulator. The liquid 
ammoma now under intercooler pressure is led to the evaporating 
unit. The flash gas receiver and intercooler then allows the flash gas 
liberated by cooling the liquid from receiver temperature to the flash 
gas receiver temperature to go to the high-pressure cylinder together 
with gas coming from the low-pressure cylinder. The flash receiver 
and intercooler also de-superheats the gas discharged by the low- 
pressure cylinder. 

The high-pressure cylinder withdraws the gas from flash gas re- 
ceiver and discharges it to the condenser. 


methn 1“'? 'fi Sloan gives the following 

rresso?sf “ horsepower of multiple effect com 

Referring to Table No. 34 you will find that most of the details are 
pven^ Under the heading of “General Conditions” even temperatures 
have been selected for the two suction pressures and brings the suction 
pressure tn decimal of pounds. The condenser pressure has beertaken 
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at 180 ll)s. ami it has ))efn assumed that the temperature of the liquid 
ammonia in tlic receiver would he 100*^ 1'. This is about 5* F. above 
the lemperaUne <it ammonia corresponding to 180 lbs. as given in the 
ammonia table. The Bureau of Standard Ammonia Tables were used, 
hut no use was made of the Mollier Chart as it is probably easier to 


CHECK VRLVE. 


LiautD F'HOM ttECEWEtt 
SCBUE THnP 


Gns DISCHflTt&£ 



2-STHGE 

RKHONin 

COnPPESSOP 


HOOK-VIP FOR Z-STR&E BFlRONm CORPRE-OSOR 
Fig. 39.— Vogt Two-Stage Amrfonia Compressor. 

follow a calculation such as this by taking the 

tables rather than usmg Ij, ,oluntetric efficiency, etc., 

assumpuons „g 3 „eh data. When figuring the high- 

can be taken off f™™ j " if„ecessary to take into consideration the 

"T ’thl gas":hen tL low-pressure gas In the cylln- 
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der is compressed by ilie hish-pressurc i^as. In ilic parlicular case 
14.3 lbs. ammonia gas will be compressed lo 37.9 lbs. by ibe higli- 

pressure gas at 37.9 lbs. pressure. The final temperature under these 
conditions would be by calculation 49'" V. 

You will note that the low-pressure displacement calculated is in 
cubic feet per ton per minute, so all that is necessary to do is to multiple 
this value by the number of tons of \uw temperature work re<|uire(i. 

T.eni.R 34. Mui.Tin.E Efcect Comhressoh .\.si) Receiver 

GENERAL CONDITIONS: 

Temperature at high suction pressure 24® F 

Temperature at low suction pressure p 

Pressure of compressor discharge, gauge UJOO ii ,' 

Pressure of high suction vapor, gauge.. t7 0 l 

Pressure of low suction vapor, gauge U T 

Port loss in displacement, per cent 2^ 

Clearance, per cent ! ' ! i . . ! ! f n 

Temperature of liquid at low pressure e.xpansion! 1“ F, loss' ^ . 25“ p 

LOW PilESSURE displacement: 

Utent heat of evaporation of ammonia at —2* F Btu ner \h ‘i/fi J 
iitu. to cool I lb. liquid from 25“ to -2“ F ..^..297 

Btu. per lb. available for useful refrigeration un 7 

Pounds ammonia per min. per ton refrigeration 

200 540.7 

Cu. ft. vapor per lb. at -2® F. (Ammonia Table) . . 0 ui 

Cu. ft, vapor ton per min. low pressure (9.541 X .37) •‘■■ ter. 

Volumetric efliciency of compressor. . '^■70 

p«To“r. “• '“ per 'mi„; allowing 



HIGH PRESSLKE DISPI.ACEMENT : 

P- ■».. P- mi,,, will, 

Cu. ft. vapor per lb. at — i' ’f. . . .‘j'?}, 

Cu. ft. vapor per lb. at 24“ F 

llien the low pressure vapor would be compressed ^ 

, .e 1.- . 5.443 

»y the high pressure vapor * 57% ©r 

t .. . 9.541 

r.. <. -Ill displacement available for hp. 

Cm fl’ '''8^ pressure vapor 4.71 X 43 2 O’S 

Cu. ft available allowing for heat of compression. . . T qf 

pr^sJfc' “d Vsb' 'li^ 

Tons refrigerati^n’at liigh siiciion'pcr ioii'at 'low 

suction 

2,36 

Tons refrigeration at high suction to cool liquid from 100* to 24® F. 16 

'‘^“"drawr'”" and wire 

64 
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This would give you the total displacement of your compressor per 
minute in cubic feet and then the size of cylinder can be determined. 
'I'he calculation for the high-pressure capacity gives the result in tons 
of refrigeration per ton of low suction work, so under the particular 
conditions given in this table, if your calculation calls for 100 tons of 
low-pressure work, you will have 100 by .64 or 64 tons of high-pressure 
work making a total refrigeration of tons. That is 100 tons at 14.3 
lbs. suction and 64 tons at 37.9 lbs. suction pressure. 
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55 Ts ^5 55 ^ 

st/cr/aM "/a- 

Fig. 40.-DispUcemei.t of Multi-Effect Compressors. 

After a number of calculations have been made such as 

T' 1 1 ^Mn 34 the result can be plotted as indicated by Fig. 40. This 
Table No- 34 the resuu l 

gives you a range oi f .. y^Yxth this chart you can ob- 

with the low-pressure suctioi a - ;n m ft i>er ton 

tain the displacement required by the compressor tn cu. ft. per 

""The" chart shown in Fig. 41 gives the ^‘'‘ditionaUennagejhieJ, can 

drand^:: ':;r„':o“fhat\t%t"|-pLures and high suction 

tie us^eof 'sTclXltMhl "legation of the muitiple effect com- 

""Z c^TtdaffonraTeXLTCg and as often is the case, after you 
have calculated a compressor, find that alternates or c ian„e 
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tions perhaps will raise your high-pressure suction and it w(>ul<l t)e 
necessary to make a new calculation if you wanted to know the ca- 
pacity. With the chart, this can be obtained with little effort. 

The multiple-effect compressor should only be used where there i> 
considerable difference between the high and low suction pressure 
Where these run close together, say 5 lbs. or a little more, there would 
be no particular advantage in the multiple effect. 


i/0 



Fig. 41.-Refrigerating Capacity of Multi-Effect Compressors 


been on double-actmg compressors have long 

muUinirJfflt conditions requiring two suction pressures. The 

multiple-effect compressor has an advantage over this type of com- 
pressor since the synchronous motor has become so universally used 
for driving ammonia compressors. With the double suction on a com 
pressor, the load is somewhat unbalanced and it will be necessary to 
incorporate more flywheel effect in the motor than would be nece sarv 
If the cylinders were made to operate on the multiple effect cvcLs 
You can see that the work will be equal on each end of the cylinder ind 
.he work be.„g perfec.l, balance, 1 .he „,o.or will require less flywheel 

In regard to horsepower for multiple effect comnres^nre , 
found that all kinds of statements and claims are made. We have found 
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liiat the eaiKieily per cu. ft. of cli^placemcnt is very materially increased. 
l)iit from careful invc>tigation the saving in horsepower is not so great. 
Dr. Inokulv. Tok}o, japan, in a paper read before the I'ifth Interna- 
tional ('ongrc^s of Refrigeration, found by careful tests, that, under 
the conditions he was operating with ;i C( machine, for an increase 
in capacity of 49.7 per cent, the actual power by the indicator showed 
an increase of 3.^ per cent— this is a saving w(»rth while as long as the 
plant is not cmpHcatcd too much and is a comparatively large plant, 
rhe subject was also investigated by Prof. K. II. Lamb, and a paper 



,, resented to the British Assoeiation m 1926, gn.ng 

Ltion <,f CO. compressors Imving different eye es He t 

saving in power is very small, but also found that the increase 

^ Voorh^s in his hook, “Compression Refrigerating Machine, states 
ihar-the m e p of a multiple-effect compressor indicator diagram is th 
m e.p of the high suction part thereof, plus the difference in high and 
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low suctum pressure.*’ This is a lo^ocal slatemcm and iin<loiil)te(llv, 
entirely correct. When a conipress«>r is filled with a liiRh-pressiirc 
regardless of how the high-pressure was ol)taine<l. will reciuire a horse- 
power corresponding to that pressure and would he similar to (he ordi- 
nary compressor, except that instead of having a high suction pressure 
on the opposite side of the piston helping to compress the gas, wc will 



have the low suction pressure, s.. if we take the horscp<.wer at the hitrh 

suction pressure plus the horsepower loss, due to the lower suctiL 

pressure on the opposite side of the piston, we will have the correct 
horsepower for a multiple effect compressor. correct 

f’f' calculated performance of a single cylinder hori 
zontal doub e^cting carbon dioxide compressor having a cylinder 
diameter of .3^ m. and a stroke of 14 in. This figure gives th^ total 
brake horsepower, brake horsepower per ton of refrigeration cubic 
feet of displacement per ton refrigeration, and the total tons’ of re- 



194 


PRINCIPLES OF REFRIGERATION 


frigerating capacity, for various suction pressures, at a compressor 
speed of 150 r.p.m. and a condenser pressure of 1029 lbs. per sq. in. 

Similar data arc shown in Fig. 43 for a multiple-effect compressor 
of the same size and speed. This figure shows graphically the increase 
of refrigerating capacity and power requirements, due to the multiple 

suction pressure principle. 


QUESTIONS ON CHAPTER IV. 

1 . Dcscrilie briefly the principles underlying the four phases of 

the cycle of operation of the comi>ression system. 

2. What is the function of the expansion valve and how does it 

accomplish this? • • 

3. Describe in detail the condition of liquid ampioma just atte 

passing through the expansion valve, if the saturated temperatures e- 

fore and after the expansion valve are 95 and O h. 

4 What would be the refrigerating effect of a pound of ammonia 
if the temperature of the liquid ammonia before and after the expan- 
sion valve^is F., and the temperature in the refrigerating coils 

^5' How many pounds of ammonia must be evaporated Per minute 

per ton of refrigeration if the absolute condenser pressure is 180 and 

the absolute evaporator pressure is 40 lbs.? _ 

6 What theoretical displacement would be necessary in a 

der of ammonia compressor operating between the ^ 

and 200 lbs. in the evaporator and condenser respectively? What dis- 
placement would be necessary if the evaporator pressure were re- 
duced to 20 lbs. absolute? 

7. What factors tend to lessen the amount of vapor that may g 

into a compressor cylinder? . , 

8 Find the heat content of the superheated ammonia vapor anc 

the temperature at the end of compression when the evaporator an 

condenser pressures are 30 and 155 lbs. per sq. in. abs., respectively, 

iw the two methods of calculation. 

^9 By means of the values given in Tables 24 and 29, determin 

the actual refrigerating capacity and the indicated ^"5 

quired of the ammonia compressor described in Example 2, ’ 

then the vi.lumetric efficiency is 83 per cent and the suction and 
denser pressures are 25 and 155 lbs. per sq. m. gauge 
10. Calculate the amount of water reqtured fo-- 
densing ammonia under conditions specified m Problem No. 8 if the 
tier femperature increases from 55“ to 68 “ F. m passing through 

the condenser. 



CHAPTER V. 


GENERAL PRINCIPLES OF THE ABSORPTION SYSTEM. 


General Principle. — Broadly speaking, the general principle under- 
lying the operation of the absorption refrigerating system is the same 
as that of the compression system, and may be stated as follows : The 
working substance is placed in such a condition that it will extract 
heat from the refrigerator and after this extraction of heat the work- 
ing substance is placed in such a condition that it will give up the heat 
from the refrigerator and the heat added during the process, to a 
material at a temperature higher than that of the refrigerator space. 

Attention has been previously directed to the similarity of the 
operation of the compression and absorption systems. In the com- 
pression system, the vapor from the evaporator in the refrigerator is 
compressed from low pressure to high pressure by mechanical means, 
while in the absorption system the pressure is increased l)y the appli- 
cation of heat to a liquid which contains the dissolved vapors from 
the evaporator. 

Thus, water absorbs or dissolves the ammonia vapor from the 
evaporator at low temperature and pressure, and then it is made to 
give up or distill off the ammonia vapor at a higher temperature and 
pressure. This is the principle underlying the absorption part of the 
absorption system. 

The cycle of operation of the elementary absorption system is as 
tollows : The ammonia vapor from the evaporator is dissolved in a 
weak solution of ammonia and water, which is termed weak aqua am- 
monia. This absorption of the vapor takes place in the absorber and 
since there is a change of state from vapor to liquid, the latent heats 
of condensation and absorption are liberated. This heat is taken out 
by water. Thus, the weak aqua becomes strong aqua, due to the ab- 
sorption of ammonia from the evaporator. The strong aqua is then 
pumped from the absorber into a still or generator, in which, by the 
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ai>plicatioii of lical, llic ammonia is distilled into the condenser. 1 lie 
resulting weak aejua is pijicd back to the absorber to rc*a))sorb am- 
monia again and thus complete this jiart ot the cycle. Ihc anhydrous 
liquid ammonia from the cotulscnscr is fed through the expansion 
\ alvc into the evaporatfir. By absorption heat from the rcfrigeratoi , 
it is transformed into vap<.r again. It then returns to the alisorber to 
be re-absorbed and then used over and over again. 

b'rom the above, it will be noted that the 
olemctUarv absorption system has a c«>n- 
denser. expansion valve, and evaporator, 
similar to those of the compression system: 
and that the action in the absorber corre- 
spomls to the suction stroke of the mechan- 
ical compressor. 

The action in the absorber and generator 
may he more readily understood by noting 
the characteristics of liquids containing dis- 
solved vapors. 

Aqua Ammonia.— All liquids will dis- 
solve or absorb gases, but the extent of such 
a solution will depend upon the nature and 
condition of the substances, (.enerally, 
when there is a true solution of the gas m 
the liquid, the quantity of gas dissolved is 
increased by increasing the pressure "r 
lowering the temperature: also, the boiling 
temperature of tlie liquicl is lowered b} the 
absorption of the gas. .Vcpia ammonia is a 
solution of ammonia vapor in water, and is 
an example of this sort of solution. 

The relationship of the tenii.eraturcs, pressures. 

,i„„s ..f at|ua amna.,iia have been investigated expcnnientally Mol- 

licr The results of these eNpcriments have heen translate 
tended hy Macinlire. Table IS, Chapter HI. shows the 'ar.atnm of 

icmperature-pressurc-concentration charactcn.stics of aqua ammonu . 

S rcTati<7of the values represented in Table 18 may be expressed 
by the following formula: 

T. 

~ 0.00466X -f 0.^6 . 

in which T. = the absolute temperature of the solution 

T» = the absolute temperature of saturated ammonia corre 
spending to the pressure of the solution 
X = per cent of ammonia by weight m the solution 



Fig. 44. — Aqua Ammonia 
Apparatus. 


U.00466 and 0.656 = constants. 
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Fig. 44 will be helpful in ol)taining a physical cunccjJlion of the 
variation of the properties of aqua ammonia. If the container ./ is 
filled with water as shown, and steam at 225 !•', is mmed into the 

heater B, the water will boil at a temperature of 212’ F. as would be 
indicated by the thermometer D. The valve (' in this case is o)>en to 
the atmosphere, and the pressure gauge would read zero poumls. Now. 
if the water is removed and a solution of 20 per cent ammonia and ^<0 
per cent water is put into the container .1. leaving valve C open, the 
solution would boil at a temperature several degrees below 212" F. 
In this ease, the thermometer D wouhl indicate a boiling tempera- 
ture of only 117.6* F. This temperature may be read from Tabic IS, 
or calculated by the above formula as follows: 


T. = 459.6 4- (-27.3) = 432.3* abs. 

X = 20 

432.3 

therefore T. = — = $ 77 . 2 ’ abs. 

0.00466 X 20 -h 0.656 

and F. Temp. = 577.2 - 459.6 = 1 17.6* F.' 

The following tabulation will show how the temperature of the 
boiling point is lowered as the concentration is increased at a constant 
pressure of 15 lbs. per sq. in. abs.: 


Ahs. Pressure Percent 

lbs. f«r sq. in. Water 


15 

100 

15 

90 

15 

80 

f5 

70 

15 

(/) 

15 

50 

15 

0 


Per cent 

Bniling 

Ammoiii.i 

Temp. “ F. 

0 

212.0 

10 

155,0 

20 

117.6 

30 

83.8 

4f) 

53.5 

50 

26.9 

100 

-27.3 


In a similar manner, the variation of the concentration with the 
increase of pressure may be noted. As in the previous example, pure 
water under a pressure of the atmosphere will boil at 212* F. The 
water is pure and contains no ammonia. Now, if the pressure is in- 
creased to 78 lbs. per sq. in. abs., and ammonia is added to the water, 
the solution would have to contain 20 per cent ammonia before it 
would boil at 212* F. The following tabulation shows how the increase 
of pressure increases the amount of ammonia that the solution could 
hold at a constant boiling temperature of 212* F • 


nmling 

Per cent 

Temp. • F. 

Water 

212 

100 

212 

90 

212 

80 

212 

70 

212 

AO 

212 

SO 

212 

0 


Per cent 
Ammonia 

Alls. Pressure 
lbs. per sq. in. 

0 

15. 

10 

40 

20 

78 

30 

140 

40 


SO 


100 

890 
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In a like manner, a solution of 24 per cent ammonia and 76 per cent 
water may be put into the container A, and steam of various tempera- 
tures may l)e used in the heater B. If a pressure of 20 lbs. per sq. in. 
:ibs. is imposed upon the solution, it will boil at 117° F., and if the 
pressure is increased to 200 lbs., it will boil at 265° F. This illustrates 
the physical law that states when the pressure of a liquid is increased, 
the temperature of the boiling or condensing point is increased m 
proportion, and if the pressure is decreased, the boiling or condensmg 
temperature is lowered. The following tabulation shows the variation 
(»[ the boiling temperature with the increase of i)ressurc on the aqua 
ammonia when the concentration is 24 per cent: 


IVr cfiit 
Aimunniii 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


Per cent 
Water 

76 

76 

76 

76 

76 

76 

76 

76 

76 

76 


Abs. Pressure 
lbs. per so- in- 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 


Hoiliiic 
Temti. ’ F. 

117 

155 

180 

198 

213 

225 

237 

247 

255 

265 


Table 41 showing the properties of saturated steam has been incor- 
porated at the end of this chapter for reference purposes. 

Snecific Gravity of Aqua Ammonia.— The commercial and prac- 
tical method for determining the strength of aqua ammonia 
s by the use of the hydrometer. Most hydrometer scales 

£ Sir 


( 2 ) 


Degrees Beaume — 


140 


- 130 


spec. grav. 

It is evident that since the specific gravity readings ‘1’= on« 
tha are inrportant, the use of the Beaume for 

queut conversions to true specific be 

Errors. Also, it is evident that the Beaume hydrometer sho Id onjyM 

used for making practical tests and that more refined 
termination should be pursued in making scientihc ; i. 

In addition to the specific gravity of aqua 
further evident that the percentages of ammonia and J;,, 

tions are important. The percentage ot ammonia m the solution w 
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vary with the specific gravity, increasing as the specific gravity de- 
creases. 

The relation between the specific gravity and concentration of a 
solution of ammonia and water is expressed approximately by the 
following formula ; 

4.3 r X2 X-‘ 

(3) Spec. Gray. = 1 | X -h 

1000 I 100 10,000 

Where X = concentration in per cent. 

Table 35, — Specific Gravity of Aqua Ammoni.\. 

By W. C. Feigwson 


Degrees 

Specific 

Per cent 

Beaum^ 

Gravity 

Ammonia 

10 00 

1 0000 

0 00 

10 25 

0 6982 

0.40 

10 50 

0 6964 

0.80 

10 7$ 

0 9947 

1 21 

11.00 

0.9929 

1.62 

n 25 

0 9912 

2 04 

11 50 

0 9894 

2,46 

11 75 

0 9876 

2 88 

12 00 

0 9859 

3 50 

12.25 

0 9842 

3.73 

12 50 

0 982S 

4.16 

12.75 

0 9807 

4.59 

13.00 

0.9790 

S.02 

13. 2S 

0 9773 

5 4$ 

13.50 

0.9756 

5.88 

13.75 

0 6736 

6.31 

14.00 

0 9722 

6.74 

14 25 

0 9705 

7 17 

14.50 

0 9686 

7.61 

14 75 

0 9672 

8 05 

15.00 

0.9655 

8.49 

15 25 

0 9639 

. 8 93 

15 50 

0.9622 

9.38 

IS 75 

0.9605 

9 85 

10.00 

0.9589 

10.28 

10.25 

0,9573 

10.73 

16.50 

0.9556 

11.18 

16.75 

0.9540 

11 64 

17.00 

0,9524 

12. 10 

17.25 

0.9S08 

12.56 

17.50 

0.9492 

13.02 

17,75 

0.9475 

13.49 

18.00 

0.9459 

13.96 

U.25 

0.9444 

14.43 

18.50 

0.9428 

14.90 

18.75 

16.00 

0,9412 

0.9596 

15.37 

15.84 

19.2$ 

0.9380 

16.32 


Degrees 

Specific 

Per cent 

Beaum6 

Gravity 

Ammonia 

19 50 

Q 6365 

16 80 

19 75 

0 6346 

17.28 

20 00 

0 9333 

17.76 

20 25 

0.93)8 

18 24 

20 50 

0.9302 

18.72 

20 75 

0 9287 

16 20 

21 00 

0 9272 

16 68 

21 2S 

0 9256 

20 16 

21 SO 

0 9241 

20 64 

21.75 

0.9226 

21.12 

22 00 

0 9211 

21 60 

22 2$ 

0 9195 

22 08 

22 50 

0 6160 

22 56 

22.75 

0 9165 

23 04 

23 00 

0 9150 

23 52 

23 25 

0 6135 

24 01 

23.50 

0 6121 

24 50 

23 75 

0 9106 

24 66 

24 00 

0 9091 

25.48 

24.25 

0 9076 

25.97 

24 50 

0 906k 

26 46 

24 75 

0 9047 

26.95 

25.00 

0 9032 

27.44 

25 25 

0 9018 

27 93 

25.50 

0.9003 

28.42 

25.75 

0.8989 

28.91 

26.00 

0 8674 

26.40 

26.25 

0.8960 

26.86 

26.50 

0.8946 

30 38 

26.75 

0.8631 

30 87 

27.00 

0.8617 

31.36 

27.25 

27.50 

0 8603 
0.8889 

31.85 

32.34 

27.75 

28 00 
28.25 

0 8875 

0 8861 
0.8847 

32.83 

33.32 

33.81 

28.50 

0.8833 

34 30 

28. 75 
29.00 

0.8819 

0.8805 

34.79 

35.28 


7 ^ and con- 

centrations of aqua ammonia is shown by Tables 35 and 36, Table 35 

showing even degrees Beaume and Table 36 showing even per cents 

of ammonia. The per cents given in these tables ar7 percentage by 
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weight of nmniotiia in the solution. The 
lions in the^e tables were nia«le at 60“^ I', i 


specilic gravity determina- 
nul compared with water at 


60" V. Since specific {gravities may be determined at temperatures 
other than 60^ F. and .since tlie specific gravities would be affected by 
ihe change of volume due to the change of temperature, certain cor- 
rections must be allowed. Thus, Table 37 indicates corrections which 
must be made lor each degree of temperature below 60® F. and for 
each degree of temperature above 60® F. 


T.\bi.e 36.— Spfxific Gkavity of .Aqua Ammonia. 


Per cent 
Ammonia 

Specific 

Gravity 

Degree 

Beaum4 

0 

1 000 

10 0 

2 

0 986 

12 0 

4 

0 979 

13 0 

6 

0 972 

14 0 

8 

0 966 

15 0 

10 

0.960 

16.0 

12 

0 953 

17 1 

14 

0 94$ 

18 3 

16 

0 938 

19 5 

18 

0.931 

20.7 


Per cent Specific Degree 

Ammonia Gravity Beaum6 


20 0 <>2S 21 7 
22 0 919 22.8 
24 0 913 23 9 
26 0 907 24.9 
28 0 902 25.7 
30 0 897 26.6 
32 0.892 27. S 
34 0.888 28.4 
36 0 884 29.3 
38 0.880 30.2 


Bulletin 146, of University lllin«is Experiment Sution, gives the 
following in reference to the pressures of aqua ammonia solutions. 

Because of the complexity of the equations which have 
mulated as expressions for the calculation of total and par .al pressur s 
of the ammonia-water system, and also with the aim of ^ 

work of more practical value, tables containing the necessarj data 

have been appended. 


Table 37.— Allowances for Tempebatukes of Aqua Ammonia Solutions. 


Corrections to be added 
when temp, is below 60 F, 

Corrections to be subtract^ 
when temp, is above 60® F. 

Degrre;» 

Beaum6 

40* F. 

SO" F. ' 

70® F. 

80 F. 

90® F. 

14^ 

16^ 

18® 

20® 

22® 

26® 

0 OJS® Dc. 

0 021® Be. 

0 027® Be. 

0 033® Be. 

0 039® Be. 

0 053® Be. 

0 017® Be. 

0 023® Be. 

0 029® Be. 

0 036 Be. 
0.042® Be. 

0 0S7®Bc. 

0 020® Be, 

0 026® Be. 

0 031® Be. 

0 037® Be. 

1 ) 043® Be. 
0.057® Be. 

0 022® Be. 

0 028® Be. 

0 033® Be. 

0 038® Be. 

0 045® Be. 
0-059® Be. 

0 024® Be. 
0 030® Be, 
0 035® Be. 
0 040® Be. 
0 047® Be. 


In Table 38 are recorded the total pressure of ^ 

the entire range of concentration in in- 

tween the temperature limits of 3- I . and -.u . r c.^ndnrds 

crements, relying on the experimental data of Bt'teau o‘ Standard- 

for anhydrous ammonia, l.y ll.e use of Equation <'). C^pter U bu^^ 
146 The pressures slunvn are in pounds per sq in a s. 
calculated from the equation have been checked by the method of sue 



Table 3S.— Total \ apor Pressikes of Aoi a Ammonia. 
FrcssurcJi nrc in Pound< per S<|nnrc Inch Ah>olule. 
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Table 38. — Total Vapor Pressures of Aqua Ammonia. — (Concluded.) 

Pressures arc in Pounds per Square Inch Absolute. 
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Fig. 45. — Diagram of Absorption Refrigerating Machine 
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Table 39.— Partial Pressures of Water Vapor Above Aqua Ammonia. (Concluded.) 

Pressures arc in Pounds per Square Inch Absolute. 
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T^BLE 40.-PARTJAL PRE5SIRES OF AmMONIA ABOVE AQCA AMMONIA 
1‘rcss.urcs a« in Pounds p«r Square Inch Absolute. 
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Table 40— Partial Pressures of Ammonia Above Aqua Ammonia.— (ConcliHk<l.) 

Pressures arc in Pounds per Square Inch Absolute. 
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cessive differences. These values may be readily applied to solutions 
when the weight per cent concentration of ammonia is known bv 
means of the conversion factors given in Table 38. 

Table 39 contains the corresponding values for the partial pressures 
of water-vapor above aqua ammonia in pounds per sq. in. abs., cal- 
culated from Goodenough’s data by means of Equation (4), Chapter 
111, Bull. 146. Subtraction of these values from those of Table 38 has 
furnished the values of Table 40 as the partial pressures of ammonia 
in the vapor phase above the designated concentrations of aqua am- 
monia. 


The Absorption Cycle. — The ct)mplete cycle of o[)eration of the 
absorption refrigerating machine is illustrated diagrammatically by 
Fig. 45. Before proceeding with the operation of the complete cycle, 
it is^ well to note just what things are determining factors in the cycle! 

The condenser operates in the same manner as in the compression 
system. The temperature of the condenser water, in the most part, 
determines the condenser pressure, while the quantity of water and 
amount of condenser surface also have probably a lesser important 
bearing on the magnitude of the pressure. The temperature of Ihc 
water rises a few degrees in passing through the condenser, and there 
is a small temperature difference between the water leaving the con- 
denser and the temperature of the condensing ammonia in the satu- 
rated portion of the condenser. 


The temperature of the evaprmating fluid in the evaporator is de- 
termined by the temperature desired in the cold storage or in the cold 
brine. The depression of the temperature is also affected by the 
amount of heat transmitting surface which is used. The temperature 
of the evaporator must always be a few degrees below the refrigerator 
The pressure.s, of course, correspond to tlie various boiling tempera- 
tures of the fluid in the evaporator. 

In a like manner, the temperature of the water available for cooling 
the absorber affects the conditions in the absorber. It is evident that 
the absorber must be supplied with ooling water, since the changes 
o states such as condensation and absorption are accompanied by a 
liberation of heat. With consideration to the relative amount of hLt 
transmitting surface in the absorber, it is evident that the temperature 
of the cooling water will determine the temperature of the aqua in it 
The temperature of the aqua must always be a few degrees above the 

r. condensation and absorption of 

the ammonia vapor will flow into the cooling water. Thus since the 

pressure is approximately the same as that of the evaporator', the exact 
condition of the aqua may be determined at once. Knowing the ter^- 
perature and pressure of the aqua ammonia, the concentration ma> be 
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found by consullin}; Tal)Ie 18 of Chapter III, or by calculation by 
means of formula (1) of this chai)tcr. 

In similar manner, the pressure in the generator is determined by 
the condenser pressure, which in turn depends upon the condenser 
water temperature. Also, it is obvious that heat must be supplied to 
distill or dissociate the ammonia from the aqua in the generator. This 
is generally supplied bv condensing steam, and the temperature of the 
steam must be a few degrees abfive the temperature of the aqua in 
order to cause the heat to flow into the aqua, thereby distilling off the 
ammonia vapor and some water vapor. Hence, since the pressure and 
tcmj)crature are easily determined, the concentration may be found 

rcadilv. 

From the above, it will be noted that the temperature of the con- 
denser water and the temperature that is desired in the refrigerator 

are the principal determining factors. 

Assuming a condenser water temperature of 70° F. and refrigeratoi 
temperature of 20° F. the operation of the complete cycle may be 
noted Beginning with the condenser, it will be further assumed that 
the condenser contains no moisture: that is. the condenser contains 
only anhydrous ammonia. The following tabulation will show the 
condition of pressures and temperatures in the condenser: 


70° F 

1. Water inlet temperature-. p 

2. Temperature range, assumed 80* F 

3. Water outlet temperature.... p' 

4. DifFerence between water outlet and ammonia temp p- 

5. Temperature of saturated ammonia 

6 . Pressure of ammonia, lbs. abs.. o^o p 

7. Temperature liquid ammonia leaving condenser 

Bv referring to Fig. 45. it will be noted that the liquid ammonia at 
86° F and 170 lbs. pressure flows to the expansion \alve, as in t 
compression .system.’^ The expansion valve throttles the pressure to 

c::nSst the evaporator may be tabulated as follows: 

, . 20° F. 

1 TeniDcrature of refrigerator..... 20° F. 

2. Temperature difference, assumed q. p 

3. Temperature of boiling ammonia. 3 q 

4 Pressure of boiling ammonia, abs.. lbs q* p 

5. Temperature of vapor leaving evaporator 

Thus, the expansion valve throttles the t 

lbs. ; the throttled liquid passes into the ''■'‘P'’"!”"' fhe 
rated by absorbing its latent heat from the refrigerator 
evaporator and passes to the absorber at 0° F. and -^0 'y. P^yyi^, 

As the vapor passes into the absorber, it mixes n ith the 
ammonia and is readily absorbed or it is dissolved H-ck y. d 'Mo he 
great affinity of the water for the ammonia. The weak aqua a 
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absorbs all the ammonia that it can hold under the condition, and is 
then ready to be taken from the absorber, thereby removing the vapor 
from the evaporator. 

The following tabulation indicates the conditions existing in the 
absorber, assuming that the absorber is c^ioled by water from the 
condenser : 


1. Water inlet temperature 80* F. 

2. Temperature range, assumed 10" F. 

3. Water outlet temperature 90 * F. 

4. Temperature difference 8" F. 

5. Temperature of aqua 98" F. 

6. Pressure in absorber, lbs. abs 30 

7. Concentration, per cent 36 

8. Temperature aqua leaving absorber 98* F. 


The strong aqua of 36 per cent concentration at 98® F. and 30 lbs. 
pressure flows to the aqua pump, which discharges the strong aqua 
through the exchanger into the generator. The aqua pump is operated 
by mechanical power and simply increases the pressure from the low 
pressure of the evaporator and absorber to the high pressure of the 
generator and condenser. It is noted that this pump is the only piece 
of moving machinery in the whole system. 

The conditions in the generator arc shown in the following tabula- 
tion, assuming that the weak aqua is 10 per cent lower than the strong 
a<iua, and that the aqua in the generator is 20^ F. bel(*w the tempera- 
ture of the condensing steam in the generator heating coils : 


1. Generator pressure, same as ctHidcnscr. lbs. abs 170 

2. Concentration of strong aqua !!!!!! 36'/ 

3. Difference of concentration jqca 

4. ('onrentration of weak a»jua ' 26% 

5. Temperature of aqua !.!!!!!! 243* F 

6. Temperature difference 20* F 

7. Temperature of steam 263* F 

8. Pressure of steam, lbs. abs 37 

9. Temperature of va|)ors leaving generator !.! .243" F 

10. Temperature of weak aqua leaving generator . 243* F. 


Thus, the generator receives the 36 per cent strong aqua from the 
absorber and distills t)ff the ammonia until the solution contains only 
-6 per cent ammonia. This hot weak aqua is returned to the absorber 
after passing through the exchanger and weak aqua cooler. A differ- 
ence of 8 to 10 per cent in the strength of the strong aqua and weak will 
produce economical operation of the system under ordinary conditions. 

I'rom the foregoing, it will be observed that the hot weak aqua 
from the generator and the cord strong aqua from the absorber arc led 
through the heat exchanger. The function of the exchanger is to allow 
the heats of the strong aqua and weak aqua to interchange, since the 
weak aqua must be cooled to the absorber temperature and the strong 
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aqua nui'.t l)r heated nearly to the generator temperature. These liq- 
uids should Ilow ihri'Ugli the exchanger in opposite directions for best 
results. The strong a<|ua mav he assumed to he heated to its boiling 
temperature under the condition^, but no evaporation is allowed to 



.T - 

Fig 46.-Chart Showing Pounds of Strong 

^ Evaporated for Various Concentrations. 

occur. The boiling temperature of 3fi per cent strong aqua at 170 lbs. 

from Table 18 of Chapter III is equal to 203° F. 

the strong aqua may be heated to 203° 1'. m passing through e. 

changer. 
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In order to calculate the drop of temperature of the weak aqua in 
passing through the exchanger, it is necessary to know the relative 
weights of the strong and weak aqua per pound of ammonia carried 
from the evaporator to the condenser. 

The following formula indicates the amount of strong aqua to be 
pumped per pound of ammonia transferred : 



1-X, 



where Ni = pounds of strong aqua 

Xi = concentration of strong aqua, 
expressed as a decimal 
Xi = concentration of weak aqua, 
expressed as a decimal 


Fig. 46 has been plotted by H. G. Venemann to graphically give 
the number of pounds of strong aqua to be pumped per pound of am- 
monia transferred. 

The pounds of weak aqua, N 2 , pumped per lb. of ammonia trans- 
ferred from the evaporator to the condenser, is equal to : 


N, = N, - 1. 

26^0 = 

• , t e pounds of strong aqua to be circulated may be calculated as 
follows : 


N.= 


1 - 0.26 


0.36 - 0.26 0.10 

N, = 7.4 - 1 = 6.4 lbs. 


0.74 

= = 7.4 lb? 


us, It IS evident that 7.4 lbs. of strong aqua pass through the ex- 
anger in one direction, while 6.4 lbs. of weak aqua pass in the op- 
p ® Assuming that there are no heat losses, or that the 

. strong aqua is equal to the heat given up 

>y e ot weak aqua, the temperature (t) of the weak aqua leaving the 
exchanger may be calculated as follows : 


7.4 (202* - 98*) =6.4 (243* -t) 

where t = temperature of weak aqua out of exchanger 

thus 1=123*^ 

The heat absorbed by the strong aqua is equal to 7.4 (202® — 98°), 
while that absorbed by the weak aqua is equal to 6.4 (243° — 123°). 
The specific heat of the aqua may be taken as 1.0 Btu. per lb. 

The conditions existing in the exchanger may be tabulated as fol- 


l. Temperature of strong aqua at inlet 98* F. 

9 i.*”’P*rature of strong aqua at outlet 202* F. 

3. Temperature of weak aqua at inlet 243* F. 

Temperature of weak aqua at outlet 123* F. 

5. Pressure of strong and weak aqua 1^., abi 170 
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I'hc weak a(|ua leaves tlie exchatijjer and ]>asscs through the weak 
a<|ua cooler and then through the regulating valve to the absorber. 
In passing through the weak a(|ua cooler, the aqua may be further 
cooled to ‘>8 the temperature of the aqua in the al)sorl)er. It is also 
evident that the flow of the weak aqua from the generator into the ab- 
sorber must he regulated in some manner. This is generally accom- 
]ilished by means of a float-valve, which controls the height of the aqua 
in tlie absorber. 

The ammonia and water vapor leaving the generator pass through 
the rectitier and then into the condenser. Tbe function of the rectifier 
is to condense out the water vapor as much as possible, so that only 
anhydrous ammonia va]>or goes to the condenser. The rectifier may 
be cooled bv water or other means. The water vapor that is condensed 
out, of course, absorbs ammonia, making strong aqua, which must be 
trapped back to the generator. In order to be sure that none of the 
ammonia \’apor condenses in the rectifier, the ammonia vapor leav ing 
the rectifier should have a few degrees of superheat. The superheat 
may vary from 10® to 30® F. Assuming that 20® F. of superheat would 
be satisfactory, the temperature of the ammonia vapor leaving the rec- 
tifier would be 86® -f 20® = 106® F. The temperature of the vapor 
entering the rectifier would he that of the vapors leaving the generator, 
appro.ximately. Thus, the 106® F. and 170 lbs. pressure ammonia 

vapor passes to the condenser to be liquefied. 

It is evident that the cycle is now completed and that the same 
anhydrous ammonia and the same aqua ammonia may be used over 

and over again. 


Practical Absorption Systems.— Fig. 45 illustrates in a diagram- 
matic manner the principles of operation of the various important parts 
of the ab.sorption refrigerating machine. The parts of apparatus, of 
course never have such forms as are illustrated m Fig. 45. This hgurc 
vvas developed especially to show the principle underlying the opera- 
tion of the various parts of the apparatus. Also, on further consulcra- 
tioii it is apparent that other parts of minor importance and furthci 
details must be added to those represented by I'lg. 45, m order to com- 
prise a commcrciallv practical refrigerating system. _ 

Hence the actual absorption machine may have a orm such as in- 
dicated by Fig. 47. This is a diagram of the ogt absorption re- 
frigerating machine. The construction represented by Fig. 47 is known 
as the tubular construction, in contradistinction to the double-pipe and 

atmospheric types of systems. , , . i,.. 

Beginning with the condenser, it will be observed that the an - 
drous ammonia drains into a st.irage tank, which is general y 

terme^UiTreceivcr. From this liquid receiver the ammonia is led to 
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Ihe evaporator, which is. in this case, a brine cooler. After passing 
through the expansion valve or throttle valve, the arntimnia enters the 
l)rinc cooler and then after absorption of its latent heal of evaporation 
by cooling the brine, it passes to the bottom of the absorber in the 
form of a vapor or gas. 

In the absorltcr, the vapor is absorbeil l)v the solution, or a(|ua am- 
monia. giving up its latent heat of condensation and al)sorption. This 
heat is taken up by the cooling water. 

The strong aqua, resulting from the al>snrption of the \ apor fiami 
the brine cooler, is now pumped from the absorber into the bottom of 
the rectifier. After pas'sing through the rectifier, it is led to the toi) of 
the exchanger, and after passing downward through the cxchau'^er 
it is finally led into the generator. ^ ’ 

In the Rcncrator, the steam heats the arnmnnia solution. thercl>v 
.hstilhng ammonia gas and steam from the aqua. The resultant weak 
a<|ua settles to the bottom of the generator, from which it is led to the 
bottom of the exchanger. Passing upward through the exchanger it 
leaves at the top and is then piped to the bottom of the weak aqua 
cooler. Cooling water enters the weak aqua cooler at the top and 
leaves at the bottom thereby cooling the weak aqua to the desired 
temperature before it enters the absorber. Prom the weak aqua cooler 
the weak atpia is now led thm.igh the regulating valve into the ah' 
sorber to reabsorb ammonia vapor from the evaporator again. 

In the meantime, the ammonia gases ami steam, which have been 
distilled from the generator, pass to the rectifier. The strong aqua 
in counter-current to the gases, absorbs some heat from the gases 
thereby condensing out the steam. The rectifier thus has a function’ 
similar o that of a regular steam condenser. The moisture that is 
removed froin the gases is .separated from the gases by means of a 
^epa^ator. :ind the resulting moisture is returned to the generator as 
strong a<|ua. The warm ammonia gas. now in the anhydrous state 
passes to the condenser. I lerc. the cooling water absorb; the sensible 
heat and the latent heat of condensation, therein* luiuofvinfr \u 
nion a. The anhydrous liquid ammonia is now 'ea^y to L 

to the evaporator to reabsorb heat again The anhvdro,, 
phase and the aqua ammonia pha.se of the ev de "e 1" ' 
and t e same cycle of operation may be r^ eatlV M to 

Ihe foregoing considerations illustrate the i.rinciml ' 
commercially practical system. 1 nncipal features of a 

Additional Details of Comolete \ 

conditions and manufacturers of the apparatus'^^' 
nients and methods of conrecling the vari, inroad 
■ 
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Fig. 47. — Vogt Tubular Absorption Machine. 
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the use of the analyzer, while some do not. The function of the 
analyzer is to further the heat interchange between the gases and the 
strong aqua ammonia. Analyzers were used frequently in the past, 
but, at present, they are to be used only under special conditions, 
generally. 

Likewise, the manner of the circulation of the cooling water 
through the system demands special attention. In general, each in- 
stallation is an individual problem, that must have its particular 
solution. However, under ordinary conditions, in plants having low 
pressures in the absorber and evaporator, it is probably best to pass 
all the cooling water through the absorber first and then through the 
condenser, after which the water may be used in the rectifier or weak 
aqua cooler. In high pressure plants, it may be desirable to pass all 
of the water through the condenser and then all or part through the 
absorber, after which the water may then be used in the rectifier and 
in the weak aqua cooler. 

Relative to minor details of the system, it is evident that thermom- 
eters and pressure gauges must be installed at points where it is 
desirable to determine the conditions of pressures and temperatures. 
1 hese details, which are of minor importance, are very helpful in 
maintaining the system in proper operation. 

Likewise, gauge glasses should be provided at all points of the 

system where it is desirable to ascertain the level of the workiiiir 
liquids. ® 


l-urgc valves and connections should be located at all points where 
It IS desirahlc to remove air, gases or liquids from the parts of the 
apparatus for any purpose. 

Suitable connections for charging aqua ammonia or anhydrous 
hquid into the system should be provided. Likewise, suitable con- 


Genera Arrangement of Complete Systems.-The general arranire- 
ment of the Carbondale" double-pipe absorption refrigerating ma- 
chine is shown by hig. 48. In this system it will be observed tlmt The 
anhydrous liquid ammonia flows to the receiver and then iKr i 
expansion valve into a shell and coil brine cooler Th. 
the brine cooler flows to the abscjrber Thn i» ^ vapor from 

led from the absorber througi:” J storr " 

ammonia pump. Leaving the aqua pumD the stmn 

through the exchanger into thc^ generator Th discharged 

in the meantime, flows through Uie exchaneerT'^^**' ^^'i^monia, 
to the absorber. The ammonia gas from ^ cooler 

.. reciifier into the condenser. ^^hrcTolln^^ ^JwT Th^gTTht 
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-Carbondale Double-Pipe Absorption Machine. 
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Fig. 49._-York Atmospheric Absorption Machine. 
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condenser, absorber, weak aqua cooler, and rectifier, to the sewer. 
Various pressure gauges, gauge glasses, connections, etc., are provided. 

In a similar manner, the general arrangement of the “York” atmos- 
pheric type absorption machine is illustrated by Fig. 49. In this 
system, the anhydrous liquid ammonia leaving the condenser, passes 
through the receiver into the liquid cooling coil in the accumulator. 
The accumulator is connected to the direct expansion coils in the ice 
freezing tank. The liquid ammonia, after passing through the cooling 
coil, passes through the expansion valve into the evaporating coils. 
The vapor of the ammonia is led from the accumulator through a 
check valve into the bottom of the absorber. The resultant strong 
aqua leaves the absorber at the top and passes through the aqua 
storage tank to the aqua pump. The aqua pump discharges the strong 
aqua through the exchanger and analyzer into the generator. The 
weak aqua is led through the exchanger and weak aqua cooler to the 
absorber. The ammonia gas from the generator is led through the 
analyzer, the rectifier, or dehydrator, and the trap, or separator, into 
the condenser. The cooling water is divided, a small part going to 
the weak aqua cooler, a large part going over the condenser and then 
over the absorber, and another small part going over the dehydrator. 
Various pressure gauges and gauge glasses are provided. Purging, 
pump-out, pump-in, blow-in, gauge, equalizing, and steam connections 


are provided. 

Practical Considerations.— From the foregoing considerations, it 
is apparent that the design as well as the operation of the various parts 
of the absorption refrigerating machine depend upon many factors 
and while the whole system seems more or less complicated, it 
comparatively simple when the principles underlying the operation 
r>f each niece of apparatus are thoroughly understood. 

infeorrespond to tLse for tvhich the apparatus was designed. 

General Operating Conditions for Absorption Machines. The 

-Ha d.™. «• 

the brine, temperature of ‘h<= “«l-ng ja^ conditions Figs. 50, 
5 Jr 53 tl ^4 Lt'rnWrated Lto the text. Fig. 50 gives 
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the specific gravity and degrees Beaume which correspond to various 
percentages of ammonia in a solution of aqua ammonia. These specific 
gravities have been taken at 60° F., and compared to distilled water at 
60° F. Since specific gravities may be determined at temperatures 
other than 60° F., and since the specific gravities thus determined 
would be affected by the change of volume due to the change of 
temperature, corrections must be made for the expansion of the liquid. 
These corrections are indicated by Fig. 51. These give the corrections 
that must be applied to aqua ammonia having varying strengths and 
varying temperatures. From Fig. 51 it will be noted that when the 
temperature of the aqua ammonia is below 60° F. a correction must 
be added to the reading; likewise, when the temperature is above 
60° F, a correction must be substracted from the reading. 

Fig. 52 shows the temperature, pressure and concentration rela- 
tions of aqua ammonia when the concentration varies from 10 to 40 
per cent. This figure shows graphically most of the values given in 
Table 18 of Chapter III. It should be noted that the pressures shown 
in Fig. 52 are gauge pressures. Fig. 53 shows the pressure, tempera- 
ture, concentration relation of aqua ammonia having strengths varying 
from 52 to 100 per cent. Fig. 53 will also be found useful in deter- 
mining the various operating conditions in the absorption refrigerating 
machine. Fig. 54 shows the temperature at which the ammonia gas 
should leave the dehydrator in order to make sure that no condensa- 
tion takes place in the dehydrator. 

Figs. 50, 51, 52, 53 and 54 have been furnished to the author 
through the courtesy of the late Thomas Shipley, formerly vice-presi- 
dent and general manager of the York Corporation, York, Pa. The 
work of jmeparing these diagrams was done under the supervision of 
Mr. C. O. Fehl, absorption engineer with the York Corporation. 

The absorption refrigerating machine has its own particular field 
of application. It operates quite economically at low evaporator pres- 
sures. At evaporator pressures below eight to ten pounds gauge 
suction pressure, the absorption machine will have an economy greater 
than the ammonia compression refrigerating machine driven by com- 
pound condensing steam engine. 

The continued increase in the application of the two-stage ammonia 
compression system for lower evaporator pressures is infringing upon 
the field of the application of the absorption machine. However, in 
plants where there is a quantity of low pressure steam available, it 
may be advantageous to install the absorption machine. As previously 
indicated, when exceptionally low temperatures are desired, the ab- 
sorption refrigerating machine will produce these lower temperatures 
in a more economical manner. 
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TaBIX 41. — PKOPtRTIES OF SaTL-KATED StEAM. 
Marks aud Davis (Longmans, Crf.en & Co.) 
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Total }I«at 

above 32 ^ F. 

!■ 

Cl K 

§ 2 

•5 *5 

S *s 



^ r, 

^ A* 

G 

c s 

a S 



0.00 

1073.4 

305 

1076.0 

i6.oa 

1081.4 

23.08 

1065.0 

38.06 

1090.3 

48.03 

1004.8 

56.00 

1000.2 

67.07 

1103.6 

60.8 

1104.4 

04.0 

IH5.0 

100.4 

1121 .6 

120.0 

1126.5 

130.1 

1130.5 

137.0 

1133.7 

144.7 

1136.5 

150.6 

1130.0 

156.2 

1141. 1 

161.1 

1143.1 

165. Z 

1144.0 

160.0 

1146.5 

173.8 

1146.0 

177.5 

1140.4 

180.0 

1150.4 

18L0 

1150.7 

184.4 

1152.0 

167.5 

1153.1 

100.5 

1154.2 

103.4 

1155.2 

106.1 

1156.2 

108.8 

1157.1 

201.3 

1158.0 

203.6 

1158.8 

206.1 

1150.6 

208.4 

1160.4 

210.6 

M61.2 

212.7 

1161.0 

214.8 

1 162.6 

216.8 

1W.2 

218.8 

1163.0 

m.7 

1164.5 

222.6 

1165.1 

224.4 

1165.7 

226.2 

1166.3 

227.9 

1166.8 

220.6 

1167.3 

231.3 

1167.8 

232.0 

1168.4 

234.5 

1166.0 

236.1 

1169.4 

237.6 

1169.8 


ei 


I 


9> 


G 

3.P 


1075.4 
1068.9 

1063.5 
1057.8 

1052.5 
1046.7 

1041.2 

1035.6 

1034.6 
1021. 0 

1012.3 

1005.7 
1000.5 

995.8 

991.8 

988.2 

985.0 

982.0 

979.2 

976.6 

974.2 

971.9 

970.4 
-969.7 

967.6 

965.6 

965.7 

961.8 

960.0 

958.3 

956.7 

955.1 

953.5 

952.0 
95IV6 
94? 2 

947.8 

946.4 

945.1 

945.8 

942.5 

941.3 

940.1 

938.9 
937.7 

956.6 

935.5 

934.4 
955.3 

952.2 


^ o 

0-1 

e 

§_2 

•6.SVJ 

> 


3294 

2438 

1702 

1208 

871 

636.8 
469.3 

350.8 
353.0 

173.5 

118.5 

90.5 
73.33 

61.89 

53.56 

47.27 

42.36 

38.36 
35.10 

32.36 
30.03 
28.02 

26.79 

26.27 

24.79 

23.36 
22.16 

21.07 

20.08 

19.18 

18.37 
17.62 

16.93 
16.30 
15.72 

15.18 
14.67 

14.19 

13.74 
13.32 

12.93 

12.57 

12.22 

11.89 

11.58 
11.29 
ll.OI 

10.74 
10.49 
10.25 


OJ 


|0.0003(M 

0.000410 

0.000587 

,0.000828 

10.001146 

0.001570 

0.002131 

0.002651 

0 . 00)00 

0.00576 

0.00845 

10.01107 

0.01364 

0.01616 

0.01667 

10.02115 

0.02361 

0.02606 

0.02849 

0.03090 

10.03330 

0.03569 

0.03732 

0.03606 

0.04042 

0.04277 

0.04512 

0.04746 

0.04960 

0.05213 

0.05445 

0.05676 

0.05907 

0.0614 

0.0636 

0.0659 

0.0682 

0.0705 

0.0728 

0.0731 

0.0773 

0.0795 

0.0818 

0.0841 

0.0663 

0.0886 

0.0908 

0,0931 

0.0953 

0.0976 


o 




0.0000 

0.0162 

0.0361 

0.0555 

0,0745 

0.0932 

0.1114 

0.1295 

0.1327 

0.1749 

0.2008 

0.2198 

0.2348 

0.2471 

0.2579 

0.2673 

0.2756 

0.2832 

0.2902 

0.2967 

0.3025 

0.3081 

0.3118 

0.3133 

0.3183 

0.3229 

0.3273 

0.3315 

0.3355 

0.3393 

0.3430 

0.3463 

0.3499 

0.3532 

0.3564 

0.3594 

0.3623 

0.3652 

0.3680 

0.3707 

0,3733 

0.3759 

0.3764 

0.3808 

0.3832 

0.3855 

0.3877 

0.3899 

0.3920 

0.3941 


A 

2P 

c® 

w 

2.1832 

2.1394 

2 0865 

2 0358 

1.9868 

1 ,9398 

1.8944 

1.8505 

1.8427 

1.7431 

1.6640 

1.6416 

1.6084 

1.5814 

1.5582 

1.5380 

1.5202 

1.5042 

1.4895 

1.4760 

1.4639 

1.4523 

1.4447 

1.4416 

I.43II 

I.42IS 

1.4127 

1.4045 

1.3965 

1.3887 

1.3811 

I .3739 

1.3670 

1.3604 

1.3542 

1.3483 

1.3425 

1.3367 

1.3311 

1.3257 

1.5205 

1.3155 

1.3107 

1.3060 

1.3014 

1.2969 

I.29Z5 

1.2862 

1.2641 

1.2800 
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Table 41. — Properties ok S.\ti.r.\tf.b Steam. — (Contimiecl.) 


li 

a 

0 

K 

V e. 

9 » 

< 

2l 

is ^ 


s* 

-4.2 

£*•5 

1 . 

s 

I s 
|.s« 

• • 

£ 

w 

0 

C. V 

£5 

ci? 

1 

1 ^ 
u 

H 

2o 

c 

Ui 

i i 
« *s 

A d 
«• it 

5 S 

S « 

C9 •- 

S 5 

JS a 

fi S 

mm 

27.3 

h' 

270.2 



931.2 

10.02 

0.0998 

0,3962 

t 2759 

2d 3 

mm 

271.7 


hbmi 

930 2 

9.80 

0 1020 

0.3962 

1.2720 

2^.3 

44 

273 1 

242 0 

1171. 2 

929 2 

9 59 

01043 

1 0.4002 

1.2681 

30.3 

45 

274.5 

243 4 

1171 6 

928.2 

9.39 

0.1065 

0.4021 

1.2644 

31 3 

46 

275.8 

244.8 

1172 0 

927.2 

mEM 

0 1087 

0.4040 

1.2607 

32 3 

47 

277.2 

246.1 

1172 4 

926.3 

9.02 

01109 

0.4039 

1.2571 

33.3 

48 

278.5 

247.5 

1172 6 

925 3 


0 1131 

0 4077 

1.2536 

34 3 

49 

279.8 

243 8 

1173 2 

924.4 


G.II53 

0.4093 

(.2502 

33.3 

50 

281.0 

250.1 

1173.6 

BBH 


0.1175 

0.4113 

1.2468 

36.3 

51 

282.3 

2il 4 

1174.0 



01197 

0.4130 

1 2432 

37.3 

52 

283.5 

252 6 

1174.3 

KStl 


01219 

0 4147 , 

1 2405 

38.3 

53 

284 7 

253.9 

1174.7 

920 8 1 

8 05 1 

0.1241 

0.4164 

(.2370 

39 3 

54 

285 9 

255.1 

1175.0 

919.9 ' 

7 91 1 

0.1263 

.0.4180 

1 2339 


55 

287.1 

256.3 

1175.4 

mSKM 

7.78 

0.1285 

0.4196 

12309 

41.3 

56 

288.2 

257 5 

1175 7 

918 2 

1 7.65 

0.1307 

0.4212 

1.2278 

42.3 

57 

289.4 

258.7 

1176 0 

917 4 

7.52 

0.1329 

0.4227 

1.2248 

43.3 

56 

290 5 

259 8 

1176.4 

916.5 


0.1350 

0.4242 

1.2218 

44.3 

59 

291. 6 

Ifowm 

1176.7 

915.7 

7.28 

01372 

0 4257 

1.2169 

45 3 

60 

292 7 

262.1 ' 

1177.0 

914.9 

7.17 

0.1394 

0.4272 

1.2160 

46 3 

61 

293 8 

263 2 

1177.3 

914.1 


0.1416 

0.4287 

1.2132 

47.3 

62 

294.9 

264.3 

1177.6 

913.3 

6.95 

0.1438 

0.4302 

1 2104 

48 3 

63 

295 9 

265.4 

1177.9 

912 5 

6.85 

0.1460 

0.4316 

1.2077 

49.3 

64 

297 0 

266.4 

1178.2 

911.8 

6.75 

0.1482 

0.4330 

1.2050 

30.3 

65 

298.0 

267.5 

1178.5 


6. 65 

0.1503 

0.4344 

1.2024 

31.3 

66 

299 0 

268.5 

1178.6 


6.56 

0 J525 

0.4338 

1.1998 

32.3 

67 

300.0 

269.6 

1179.0 


6.47 

0 1547 

0.4371 

1.1972 

53.3 

66 

301.0 

270.6 

1179.3 

908.7 

6.38 

0.1569 

0.4385 1 

1 . 1946 

34.3 

69 

302.0 

271.6 

1179.6 

908.0 

6.29 

0.1590 

0.4)98 ' 

1.1921 

35 3 

70 

302.9 

272.6 

1179.8 

907.2 

6.20 

0.1612 

0.44M 1 

1.1896 

56 3 

71 

303.9 

273.6 

II60.I 

906.5 

6 12 

0.1634 

0.4424 

1 . 1872 

37.3 

72 

304.8 

274.5 

■TTIZl 

905.8 

6 04 

0.(656 

0.4437 

1.1848 

36.3 

73 

305.8 

275.5 

1180.6 

905.1 

5.96 

0(678 

0.4449 

1.1625 

59 3 

74 

306.7 

276.5 

1180.9 

904.4 

5.89 


0.4462 

1.1801 

60 3 

75 

307.6 

277.4 

II8M 

903.7 


0 (721 

0.4474 

M7;8 

61.3 

76 

308.5 

278.3 

1181. 4 

903.0 

Ha 

0 (743 

0.4487 

1 1755 

62.3 

77 

309.4 

279 3 

1181.6 ; 

902 3 

5.67 

0 (764 

0.4499 

1.1730 

63.3 

76 

310.3 

280.2 

118(8 

901.7 

560 

0.(766 

0 4511 

1.1712 

64 3 

79 

311.2 

281.1 


901.0 

5.54 


0 4523 

1.1687 

65 3 


3(2.0 

282.0 

M82.3 ; 


5.47 

0J8Z9 

1 0.4535 

1.1665 

66.3 

61 

312 9 

282 9 

1182.5 

899.7 

5.41 

0.(851 

; 0.4546 

1.1644 

67.3 

62 

313.6 

283.8 

1182.8 1 

899.0 

5.34 

0.1873 

1 0.4557 

(.1623 

68.3 

83 

314.6 

284.6 

1183.0 

898.4 

5.28 

0.1894 

0.4568 

1.1602 

69.3 

84 

315.4 

285.5 

1183.2 1 

897.7 

5.22 

0.1915 

0.4579 

1.1561 

70.3 

85 

316.3 

286.3 

1183.4 ! 

897.1 

5.16 

0.1937 

0.4590 

1.1561 

7L3 

86 

317.1 

287.2 

1183.6 

996.4 

5.10 

0.1959 

0.4601 

1.1540 

72.3 

87 

337.9 

288.0 

1183.8 

895.8 

5.05 

0.1960 

0.46(2 

1.1520 

73.3 

88 

318.7 

288.9 

1184.0 

895.2 

5.00 


0.4623 

1.1500 

74.3 

89 

319.5 

289.7 

1184.2 

894.6 

4,94 

0.2023 

0.4633 

1.1461 

75.3 

90 

380.3 

290.5 

1184.4 

893.9 

4.89 


0.4644 

1.1461 

76.3 

91 

321.1 

291.3 

1184.6 

893.3 

4.84 

0.2065 

0.4654 

1.1442 

77.3 

92 

\WfiKm 

292.1 

1184.8 

892 7 

4 79 

0 2087 


1.1423 

78.3 

93 


292.9 

1165.0 

892.1 

4.74 

0.2109 

0.4674 

1.1404 

79.3 

94 

325.4 

291.7 

1185.2 

691.5 

4.69 

0.2130 


1.1385 

80.3 

95 

324.1 

294.5 

1183.4 

1 


4.65 

0.2151 

0.4694 

1.1367 
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Table 41. — Properties of Saturated Steam.— (Continued.) 



61 .) 

3 

63 3 
WJ 
fi5.3 

67.3 

89.3 

91.3 
93 3 
95 3 

97.3 
99 3 
IUI.3 
103 3 
105 3 

107.3 

109.3 

111. 3 

113.3 

115.3 

117.3 

119.3 

121.3 
123 3 

125.3 

127.3 

129.3 

131.3 

133.3 

135.3 


0.2172 

0.2193 

0.2215 

0.2237 

0.2258 

0,2300 

0.2343 

0.2336 

0.2429 

0.2472 

0.2514 

0.2556 

0.2599 

0.2641 

0.2663 

0.2726 

0.2769 

0.2812 

0.2854 

0.2897 

0.2939 

0.2981 

0.3023 

0.3065 

0.3107 

0.3150 

0.3192 

0.3234 

0.3276 

0.33» 

0.3362 

0.3404 

0.3446 

0.3488 

0,3529 

0'.3570 

0.3612 

0.3654 

0.3696 

0.3738 

0.3780 

0.3822 

0.3864 

0.3906 

0,3948 

0.3989 

0.4031 

0.4073 

0.4115 

0.4157 

0.4199 

0.4241 

0.4283 

0.4325 


c 


a 

0.4704 

0.4714 

0.4724 

0.4733 

0.4743 

0.4762 

0.4780 

0.4798 

0.4816 

0.4834 

0.4852 

0.4869 

0.4886 

0.4903 

0.4919 

0.4935 

0.4951 

0.4967 

0.4982 

0.4998 

0.5013 

0.5028 

0.5043 

0.5057 

0.5072 

0.5086 

0.5100 

0,5114 

0.5128 

0.5142 

0,5155 

0.5169 

0.5162 

0.5195 

0.5208 

0.5220 

0.5233 

0,5245 

0.5257 

0.5269 

0.5281 

0.5293 

0.5305 

0.5317 


U 


-I 

e 0 

U 


1.1348 
I . 1330 
1.1312 
1.1295 
I.. 1277 
1 . 1^2 
.1208 
I.II74 
I.II4I 
I.II08 
1.1076 
1.ID45 
I.I0I4 
1.0984 
1.0954 
1.0924 
1.0895 
1.0865 
1.0837 
1.0609, 
1.0782' 
1.0755 
1.0728 
1 .0702 
1.0675 
1.0649 
1.0624 
1.0599 
1.0574 
1.0550 
1.0525 
1.0501 
1.0477 
1.0454 
1.0431 
1.0409 
1.0387 
1.0365 
1.0343 
1.0321 
1.0300 
1.0278 
1.0257 
,0235 




0.5339 

0,5351 

0.5362 

0.5373 

0.5384 

0.5395 

0.5405 

0.5416 

0.5426 


1.0195 

1.0174 

1.0154 

1.0134 

I.0II4 

1.0095 

1.0076 

1.0056 

1.0038 
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Table 41. — Properties of Saturated Steam. — (C oncluded.) 


4 > • 

55 

^ I 

ft . u 

a 


165 } 


m 3 

W 3 

205.3 
210 3 
215 3 
220 3 

225.3 

250.3 

255.3 

245.3 

255.3 

265.3 

275.3 

285.3 
295 3 

305.3 

315.3 

325.3 

355.3 

345.3 

355.3 

365.3 
375^.3 

385.3 

435.3 

465.3 

535.3 

585.3 


£ 7 
^ u 

si 

< 



TotAl Heat 
above 32^ F. 


I I 

*5 8 

a X 


381.0 

384.0 

386.0 

388.0 

389.9 

391.9 
393 8 
393.6 

397.4 

399.3 

401.1 

404.5 

407.9 
4n.2 

414.4 

417.5 

420.5 

423.4 
426.3 
429 .} 

431.9 

434.6 

437.2 

439.8 

442.3 

444.8 

456.5 

467.3 

477.3 

486.6 


3.4 

5.5 
367.5 

369.4 

371.4 

373.3 
375.2 

378.9 

382.5 

386.0 

389.4 

392.7 

395.9 

399.1 

402.2 

405.3 

408.2 

411.2 
414.0 

416.8 

419.5 
422 
435 
448 
459 
469 


1200.2 

1200.6 

1200.9 
1201.2 

1201.5 

1202.1 

1202.6 

1203.1 

1203.6 

1204.1 
1204.5 

1204.9 
1205.3 

1205.7 

1206.1 


IrK 


1206.8 

1207.1 

1207.4 

1208 

1209 

1210 
1210 
1210 


? a :| 

2lp 


843.2 

841.4 
839.6 
837.9 
836 2 
834 4 

632.8 

631.1 

829.5 

827.9 

826.3 

823.1 

820.1 
817. r 

814.2 

811.3 

606.5 
805 8 
603.1 


fJO] 


w.a 

795.3 

792.8 

790.3 

787.9 
786 
774 
762 
751 
741 


IJ 


2.290 
2.237 
2. 187 
2 13 $ 
2 091 
2 046 
2.004 
1 964 
1.924 
I 687 
1.850 
1.782 
1.718 
1.658 
1.602 
1.551 
1.502 
1.456 
1.413 
1.372 
1334 
1.298 
1.264 
1.231 
1.200 
1.17 




0 . 43 ? 
0.447 
0.457 
0 468 
0 478 
0489 
0 499 
0.509 
0.520 
0 5)0 
0.541 
0 561 
0 582 
0 603 
0.624 
0.645 
0.666 
0.687 
0 708 
0.729 
0.750 
0-770 
0.791 
0.812 
0.833 
86 
.96 
.08 
20 
1.32 


.5437 
5463 
5488 
5513 
55)8 
0.5562 
0 5586 
0 5610 
0 56)3 
0 56)5 
0.5676 
0,5719 
0.5760 
0 5800 
0 5840 
0.5878 
0 59)5 
0.5951 
0 5986 
0.6020 
0.6053 
0 6085 
0 6116 
0.6147 
0.6178 
0.621 
0.635 
0 648 
0 659 
0.670 


I 0019 
997 
.992 
.9885 
9841 
0 9799 
0 9758 
0 9717 
0 9676 
0 96)8 
0 9600 
0 9525 
0 9454 
0.9385 
0.9316 
0.9251 
0 9187 
0.9125 
0.9065 
0.9006 
0 8949 
0 8894 
0 8840 
0.8788 
0 8737 
0 868 
0 844 
0 822 
0 801 
0 78 ) 
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PRINCIPLES OF refrigeration 


QUESTIONS ON CHAPTER V. 

1. Whal ihe general principle underlying the (>peratu>n of the 
absorption part of the absorption refrigerating machine? 

2 . How do the i)n)pertics of a solution of ammonia and water vary 
when the pressure on the solution is held constant? 

. 1 . I^xplain how the properties of a solution vary when the tem- 
perature of the solution is held constant. 

4. Name the ten principal parts ..f the elementary absorpti.m ma- 
chine. 

5. Describe briefly the function of each of the ten principal parts 
of the elementary absorption machine. 

0. How much does a gallon of 26” Beaume aqua 
at =60® F if a gallon of water weighs 8.33 pounds. 
respective weights of water and apimonia per gallon under this 

dition? 

7 If it is desired to maintain a temperature of -14” F, 

38 per cent concentration? 

S. What pressure of steam must be mahUamed ^the^generator 
heating coils to reduce steam is 9° F. above 

, „o„ »> r""' sr,:. 

10. Ho. »..> p...^ f ' .STi"" ”i‘ ”*> » 



CHAPTER \1. 


THE AMMONIA COMPRESSION SYSTEM. 


Horizontal Double-Acting Compressors. — It has been impossible 
to determine the actual ratio between the number of the installations 
of horizontal and vertical machines, but the data on this subject seems 
to indicate that the major portion of the machines which arc installed 
at present are of the vertical single-acting type. Since the horizontal 
double-acting type of compressor has been used extensively in the 
past, the description of this type will be given first. 

Probably the strongest point in favor of the selection of the hori- 
zontal type of machine is the accessibility of the working parts. It is 
apparent that since the working parts arc so near the floor they arc 
always readily accessible and under the care of the operator. Thus 
the construction gives a very compact arrangement, which makes the 
machine easily overhauled, repaired Slid operated. 

A second point in favor of the horizontal type is that the machine 
gives good service under any condition of operation that may occur. 
It operates in an efficient manner when working under either wet or 
dry compression. Thus, it is a dependable unit, while on the other 
hand the vertical type may give trouble when handling wet vapor. 

The horizontal machine requires nearly the same floor space as the 
vertical type, but the head room required is about one-half that occu- 
pied by the vertical machine. The horizontal machine has fewer 
moving parts and smaller amount of rubbing surfaces. The friction 
of the machine is, therefore, less; the machine may have a greater 
mechanical efficiency; and there are less liabilities for accidents. 

The center of gravity and lines of action of stresses in the frame 
are very near the floor line. A firm foundation and connection between 
the frame and foundation may be made. This produces a durable 
construction that makes the operation of the machine noiseless and 
without vibrations. 

Since the horizontal machine has a smaller amount of rubbing 
surfaces than the vertical type, it requires less lubricating oil, and 
can be kept in a much cleaner condition. 
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The metal in the frame is distributed in such a manner so as to 
give the greatest strength with the least amount of metal. The interior 
ribbing is so designed as to produce rigidity. At the same time, the 
metal is distributed in a manner to reduce casting stresses, and to 
give a broad and continuous contact with the foundation. The frames 
are usually made from a special mixture of close gram cast iron. The 
frames are machined bv special machines and methods that insure 
perfect alignment of parts. Frames arc cast in one piece until the 

larger sizes are reached. 

The compressor cylinder or bushing is made of a special mixture 
of iron and steel and is cast separate from the frame. It is machined 
on the ends on the outside, and rough turned on the inside and ends. 
It is then tested at a high pressure, after which it is pressed into a 
frame and the machining anti finisliing are done. This insures perfec 
alignment and fit between the cylinder and cylinder heads. 1 
Inifhiiig is held by the grooves in the cylinder head. The compress 
stresse! are therkre Carried by the frame. This to keep h 

machine in alignment. The annular space between ‘hj 
frame is used as a water jacket to keep the machine from becoming 

“"The compressor heads are east from a special niixtiire of iron and 
^teel and are designed for maximum strength. The inner surface, 
of the heads are finished to a spherical form, generally pving streng 

rre iTred radially. Greater number of valves are used on the larger 

machines. , strong casting of semi-steel. 

The piston is g^^tally a light ^"B-he faefs of the piston, 
II is generally cast in one piece ,he heads. They 

of course, are turned to fit P ^ riveting or by a nut and 
are pressed on the piston rod f^ted a number of 

riveting. They contain groot es (j yged which consists 

-ed pis^ns are also 

"^Ihe stnfiing ho. is a long and f - “^t^^ 

U m^s" cod to operate with a minimum amount 

^h^ m -nr; h. se. d 

an oil lantern. The number of ,^^tern is a casting 

of packing and the size of the mac in . o^er end 

which provides a clearance space all around the rod. 1 
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of the packing is retained by means of a stuffing box gland, which is 
held by screwing or bolting to the neck of the cylinder head. The 
oil lantern is connected to the suction manifold througli a valve. A 
connection is made at the same point to the liquid line for expansion 
into the suction manifold to help hold the temperature at a lower 
point, if so desired. The oil lantern compartment is connected to an 
oil pump for supplying a means of lubrication. There is an outer set 
of packing, which is held in the stuffing box gland by a nut that screws 
into the gland. Various methods are used to advance the stuffing 
box gland evenly into the packing compartment, such as the use of 
gears and screws. 

The valves on compressors may be the balanced poppet type. The 
stationary parts arc made from cast iron and the working parts from 
steel. The valve cages are held in the valve ports by means of a 
retaining nut that screws into the cylinder head and also holds the 
cage on a ground seat tightly. Suction valves have stems that prevent 
them from falling into the cylinder if they should break. Valves arc 
l)alancc(i l)y a spring of the proper strength. They are prevented 
from slamming at the end of the o])ening by means of a cushion spring 
or l)y a gas cushion chamber. 

IMate valves are used also. These will be described later. 

The crosshead is of a box construction. It generally has curved 
movable shoes on the top and bottom. The shoes are adjustable along 
the inclined guides by horizontal screws. The shoes are lined with 
Ijabbitt. The box is made <»f semi-steel, the shoes of cast-iron. The 
pin is made of steel and fitted into the crosshcad on a ground taper 
fit, being secured by a nut. The piston rod screws into the crosshead 
and is secured by means of a heavy lock nut. 

The connecting rods are made of forged steel and solid from end 
to end. Recesses f(jr brasses are drilled and milled out, giving a 
strong rod. Accuracy of adjustment of brasses is accomplished by 
means of wedges and screws. The crosshead brasses are made of 
bronze, while the crank-end brasses are lined with babbitt, generally. 
The brasses are centered by means of flanges or grooves. 

The advantage of having a perfectly straight crankshaft is obvious ; 
it does not produce uneven wear on the bearings. The shaft is ma- 
chined from a steel forging. The crank or crank disc is a casting, and 
after being machined is forced on the shaft by hydraulic pressure or 
by shrinking. The crank pins are forged steel and are forced into the 
crank by a heavy pressure and then riveted over. 

The main bearing is usually constructed with floating or loose 
boxes on the lower and upper sides. This is known as the floating 
quarter box type. The sides of the bearing are adjustable quarter 
boxes, which are adjusted by means of wedges and screws. The 
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Fig. 55.— Frick Medium Speed Ammonia Compressor. 
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bearings arc lined with babbitt nietal. The adjusting screws pass 
up through the bearing cap and are licld iti ]>i)sition by lock nuts. 
The boxes are held in position In flanges or collars. The hearing cap 
is secured to the frame by means of heavy studs. 

The outboard bearings have the same tlcsign as the main bearings. 
'Fhe bearings are placed on a capstone and arc secured by means of 
foundation i>olts passing through an a<liustable sole plate. Another 
form is that of the pedestal type. This type sets upon a small capstone 
and is secured by foundation bolts. 

Liberal provisioTi should always be made for the thorough and 
systematic lubrication of all rubbing surfaces. .\ hand oil pump is 
generally supplie<l for the stuffing lio.x: adjustable sight feed oilers, 
for crosshead guides and main bearings and stufiing bo.\ gland; a 
wiper oiler and cup. for crosshead pin ; centrifugal oiler of pendulum 
type, for crankpin. A more efficient system is secured by installing 
a centra! oiling system consisting of jmmp, filter, storage tank, and 
connections to supply oil continuously to the rubbing surfaces. 

Fig. 55 shows the construction of the Frick medium speed hori- 
zontal double-acting ammonia compressor. This compressor is repre- 
sentative of the several makes which are on the market at present. 

High-Speed Horizontal Ammonia Compressors.— The principal ad- 
vantage of the high-speed ammonia compressor is the ability for direct 
connection to electric motors, high-speed steam, gas or oil engines. 
Direct connection results in a saving of power, due to elimination of 
belts, chains, and ropes for driving. Another material advantage is 
the saving of space reciuired for installation. A saving of total cost is 
thus effected. 

The frame is of the rolling mill type. The metal is so distributed 
as to give maximum rigidity and at the same time have a pleasing 
appearance. It also allows a broad and continuous contact with the 
foundation. The frame is cast separate from the cylinder, thus per- 
mitting ease in handling and reducing shrinkage stresses in casting. 
The cylinder casting is secured to the frame by means of heavy studs. 
The frame is machined in a careful manner to insure perfect align- 
ment. Shoulders and grooves are provided to insure alignment of 
parts bolted together. 

The compressor cylinder is constructed of close grain gray cast- 
iron or of semi-steel. The valve ports are placed radially around the 
ends of the cylinder. The cylinder is supported by a sliding support 
under the cylinder to help carry the weight of the connections, etc. 
The cylinder heads, of course, carry no valve chambers, as in the case 
of the slow-speed machine. The heads are made of semi-steel or gray 
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iron. They may be arranged for water cooling and this is the place 
where cooling has the most appreciable effect. 

The piston is made of gray iron or semi-steel and is cast hollow. 
It is pressed on a rod against a shoulder and is secured by means of a 
heavy nut, which is prevented from turning by pouring in soft metal 
around the nut after assembling or by other means. Spring rings 
are put in grooves on the piston. 

The valves are usually of the ring plate or feather type; they are 
made of a special steel by a special heat-treatment method, pey arc 
thin and light and are ground to a smooth surface. The ring plate 
valves are held on the seat by means of a light spring. The feather 
valve, of course, requires no springs. The valves operate noiselessly 
at high speed and permit of a large valve area. The plate valves 
introduce more clearance than is found in a slow-speed machine, but 
this is not objectionable since clearance helps to produce smooth run- 
ning at the higher speeds. , 

The high-speed machine necessarily requires a good system 
lubricating the bearing surfaces. An automatic central oiling sys eni 
is gencralfy used. This consists of an oil filter, storage 
separator, oil pump, connections, and sight feed valves. A ‘ -no^g 
parts are protected by planished steel guards, which arc removablc_ 

By this means, ample quantities of cool, clean oil, , is 

hirings. The oil is used over and over again, and the system 

“ ons=^ m a VHter high-speed 

double-acting c^mprcssontruct-on 

sucti^^n aL^ischarge. The valve is of “^^.Sen^d 

With immediate and Being of inappreciable weight 

steel and is ground down conseauence noiseless 

its inertia is small even at “ds " o" account of 

operation may be obtained a g i valve area it is possible 
iL peculiar construction wh.ch ^ a nom^tal velocity 

ive'n"aV!;i;rsp7cds The ei|ht suc’lion and eight f ^^h-g^^ves 

n each cyHnder are identical in construct.on (bu t o d ffcren^^es) 

and are only dissimilar in the manner of being placed 

chambers. desiened as to be absolutely 

The plate valve shown m Fig. 57, is so des g 

safe. It can be seen from the ^ is held in position 

displaced in any possible manner. ^ , which is adjusted in place 

in the valve chamber by a special steel stud, Lde 

by means of screw threads cut in the semi-steel cover plate, m 

tight by means of a special nut. 
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Fig. 56. — Vilter High Speed Horizontal Compressor. 
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'Die* (lesi<jn of sonic <>{ the horizontal double-acting ammonia com- 
pressor cylinders makes no attempt to jacket the entire cylinder and 
usually since only the discharge portion of the cylinder is heated 
during compression, the jacket is applied only to this section and the 
cylinder heads. Further, it has been found that more important than 
restricted valve area, is port area, due undoubtedly to the building 
up of a large volume of gas in the parts less susceptible to inertia 
effects due to interrupted gas flow and, therefore, high-speed com- 
pressor cylinders have an\ple port area. Fig. 58 shows the construction 
of a Carbondale ammmonia compressor cylinder to illustrate this 

statement. 


Multiple Effect Compression.— Consists of operating under two 
different suction pressure conditions with a common discharge pres- 
sure and is made possible by having ports placed at a suitable point 
in the cylinder barred so that they are uncovered by the piston when 
nearing the end of its stroke, those ports communicating with a space 
or belt surrounding the cylinder. In horizontal double-acting com- 
pressor. these ports will, of course, be in the middle of the cylinder 
l.arrel necessitating the use of a long piston, the principle of con- 
struction being very similar to the cylinder of a Unaflow steam engm • 
The piston during its suction stroke first of all draws in gas 
,he low i^essure suction condition and upon uncovering 
effect ports, gas at the multiple effect suction pressure condition 
flashes into the cylinder, the amount entering being predetermined y 
the effect that this high pressure suction gas has in virtually compress 
g ?e 10 v I re sure^gas to this condition. From this Po-t the gas 

discharge pressure condition with the ^^e it can be 

Cr a -chine 

conditions. • «« for use 

Multiple f ec-o.npress.on 

; :s a.XyV;'t‘ a"SghrLpeca.„re than the te.^^ 

- -tt; srin ^ tStig- 
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eration, we all know that it is necessary to take advantage of the latent 
heat of the refrigerant in changing from the liquid to the gaseous slate 
at the low temperature condition. By introducing the multiple elYect 
suction condition a small amount of refrigeratit)n was gained between 
high pressure condition and the multiple effect suction condition, the 
gas up to this point not having been liquefied, this refrigeration in 
turn being used to liquefy the gas before entering the evaporator 
thereby materially increasing the overall gain in refrigeration for 
the complete unit. 



Fig. 57.— The Vilter Plate Valve for Suction and Discharge. 


The principal adianlage iti multiple effect com]»ression so far as 
ammonia refrigeration is concerned is mainly evident in small ice 
cream manufacturing plants where two difTcrent conditions of low 


temperature are necessary, one for freezing the ice cream and another 
for the hardening process. In this way, by adopting the multiple effect 
compression, one machine can take care of the complete plant where 
two were otherwise necessary. We have, of course, instances where 
simple compression machines are operated with two different suction 
conditions on cither end of the compressor, and in some cases where 
three different temperature.s are required, double suction connections 
have been furnished and multiple effect operation. 

A construction which has proved very i>opular on horizontal com- 
pressors is that of the “Doubleseal” stuffing-box (patented) as illus- 
trated in Fig. 59. 

The characteristic effect of a "slop-over” which would lend h) 
increase packing leakages due to contraction of the metallic rod will 
lie overcome in this design because the outer box seals a uorlion of the 
rod which does not enter the cylinder and is therefore not affecte<l by 
the temperature change. 
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Fig. 58. — Carbondale High Speed Horizontal Compressor. 
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Fig. 59.— Sectional View of a Worthington Feather Valve Ammonia 
Compressor Showing Double*Seal Stuffing Box. 
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The “Doubleseal” stiifting-bnx has a double advantage when in- 
stalled in any compressor where suction pressure is below that of the 
atmosphere since connection of the chamber to some higher source of 
pressure eliminates entirely the possibility of drawing air into the 
system. Under ordinary conditions of operation the “Doubleseal” 
chamber is connected to the suction of the compressor. 

The inner or main stuffing-box is fitted with either metallic or soft 
packing while the outer box is equipped with soft packing. Both boxes 
arc lubricated with a separate feed to the mechanical lubricator. 

Low Temperature Operation. — In oil refinery practice there has 
been a heavy demand for very cold test lubricating oil. Many am- 
monia compressor plants have been installed for exceedingly low 
temperature which are used to freeze the wax out of the oil, so that it 
will not congeal at sub-zero temperatures. 

These plants usually operate at an ammonia evaporating tempera- 
ture of minus 65® F., which is accomplished by the use of a two-stage 
compressor with a separate reciprocating booster taking the gas at 
almost 5 lbs. absolute and compresses it to almost 15 lbs. absolute to 
the suction of the two-stage machine. Heat exchangers are used on 
the booster suction to cool the anhydrous and at at the same time 
superheat the suction so that this extremely cold gas need not be 
handled in the compressor. In general, the operation can be considered 
as three stages of compression with adequate cooling between stages. 

Dry Ice Compressors.— Recently especial attention has been given 
to the manufacture of compressors for liquefying COa. It is of course 
known that C02 gas is first liquefied by compression to 900 to 1200 lbs. 
and after cooling the liquid gas as much as possible it is expanded 
through an expansion valve into the snow chambers from which the 
snow is pressed into cakes. Only a part of the gas freezes into snow, 
varying between 20 and 40 per cent, depending upon the process, 
the rest of the gas being returned to additional compressors for re- 
compression and re-licjuefaction. This process is then repeated. 

Dry-Ice is now being used by most of the ice cream companies 
for delivery of ice cream, not only for local distribution, but intercity 
distribution. It is also being applied to the distribution of meats 
and other commodities. 

The condition of operation of the cycle dictates three stages of 
compression for dry ice compressors. 

Two-Stage Duplex Compressors.— Two-stage duplex compressors 
are similar in construction to the single-stage compressors. Duplex 
horizontal machines for small capacities, arranged for either long 
belt-drive or provided with idler for short connection to motor, are 
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built in either single- or two-stage types, and range in capacity from 
50 to 100 tons. 

The duplex arrangement also lends itself admiralty to two-staging 
with the increased efficiency due to that construction. 

The capacities of such machines vary from 70 to 700 tons in single 
units and are usually driven by the synchronous type of electric motor. 
This type of compressor is'coming into general use in the majority of 
large plants because of the economies of both the motor and the 
compressor, particularly when the latter is cquipi)cd with clearance 
pockets for capacity control. 

Intercooling. — Tlie utmost economy in two-stage compression is 
secured only with the proper type of intercooling. There are three 
practical methods of obtaining an intercooling effect, viz; 

(1) Water Intercoolers. 

(2) Liquid Ammonia Coolers. 

(3) Liquid Ammonia Injection. 

Water Intercoolers.— This type of intercooler is similar in con- 
struction to the multipass tubular condenser, and can be placed in 
either vertical or horizontal posithm, adjacent to the compressor cyl- 
inders. Or an intercooler of the vertical single-pass type can advan- 
tageously be used on larger units. 

The economy of this inlerc«)oler is influenced by the temperature 
of the water available. The colder the water use<l, the greater the 
l)enefit derived from this type of intercooler. 

Liquid Ammonia Coolers. — Where added results are desired, thi?> 
type of intercooling will give greater efficiency. It is constructed 
somewhat similar to an accumulator, cemsisting of a steel shell in 
which liquid ammonia may be expanded and containing a liquid pre- 
cooling coil through which all the ammonia used in the plant flows. 
The liquid ammonia is cooled from the condenser conditions to a 
temperature corresponding to the pressure in the intercooler. To 
effect this it is necessary to expand ammonia in the intercooler, this 
expansion also cools the gas passing from the low- to the high-pres- 
sure cylinder, removing the excess heat and so reducing the volume 
of the gas that the high-pressure cylinder can perform more work, 
The use of this cooler will effect a saving in power of from five to fif- 
teen per cent. 

Liquid Ammonia Injection. — Tlie third form of inlercooling, and 
the lowest in first cost, about equalling the water intercooler in power 
.saving, is accomplished by injecting a small quantity of ammonia 
liquid into the suction line of the high-pressure cylinder, thus cooling 
the gas from the low-pressure cylinder discharge tenii)erature to the 
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vaporization temperature of liquid ammonia at intermediate pressure. 
The liquid ammonia may be injected automatically by means of a 
no-freeze-back control valve. 

In special cases, a combination of water and ammonia liquid inter- 
-cooling might not only be feasible but practical in view of the added 
economy obtained. 


Clearance Pockets for Ammonia Compressors.— One of the recent 
developments in ice making and refrigerating machinery is use of 
clearance devices or pockets on ammonia compressors. The mam 
purpose of sucli clearance pockets is to permit the operator to vary 
the capacity of the machine according to the demand of refrigeration. 
Due to the fact that many of the modern compressors are driven by 
constant speed motors, the j^roblem of varying the capacity of the 
machine to suit the load presented itself. 

This problem has been solved practically by fitting a special head 
on the liead-end of the compressor cylinders. In these special heads 
are a number of clearance spaces or pockets. Usually, three such 
pockets are used on each cylinder head. Each pocket is connected to 
liie inside of the cylinder by means of a special built-in stop valve, so 
that the capacity of the head-end of the cylinder may be reduced from 


full capacity to zero capacity in three steps. 

The general construction of the clearance heads for ammoma com- 
pressors is shown by Fig. 60, in the application of clearance heads to a 
two-stage compressor. The clearance heads are bolted to compressor 
frame just as a standard head. The cylindrical extension contains the 
three pockets and three special valves. The valve stems exten 
through the end of the head extension in stuffing boxes. Suitable 

hand wheels are provided for operating the valves. 

Bv opening one of the valves, a certain amount of clearance space 

is coLecteTfo the head-end of the cylinder. When the p.ston ap- 
nroaches the head-end, the gas is compressed into the clearance space . 
when the piston recedes, the gas in the clearance expands through the 

special valve into the cylinder again. The amount of 
niiired for such pockets depends upon the relative size ol the > 

^.:ra number oUther conditions which are discussed in the iollow.ng 

’'“Te amount of clearance to be introduced into the cyMer in order 
to obtain a given capacity reduction depends upon the 

and discharge pressures. In speaking of the amou of Jhe 

is commonly expressed as a percentage oi the 

cylinder. By means oi the laws oi gas compression, as given in mos 

b^ks pertafning to thermodynamics, it is possible 

necessary clearances for various capacity reductions. The volumetric 






Fig. 60. — Illustrating Appearance of Clearance Pockets 
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i»r <lispl;KciiK*m efticiencv <lue to clearance is shown by the thernio- 
<l\ naniic forimila in Chapter IV. 

The annmnt of clearance to l)e use<l in order to reduce the capacity 
to zero tnay be dctcrniinefi also by the foregoing formula. 

It is pos>'ible to derive a formula, from the above equation, which 
will express the clearance requirements for zero capacities. The 
c(|uations are given as follows: 


I.et 



Ec* 1 +C-C 

Ee=0 

C|=clearance for zero capacity 

1 



Therefore 



Using this f.)rnuila the clearance requirements for zero capacity 
at standard conditions may be found as follows: 



C| =0.403 =40.3 per cent. 

Consequently, a clearance of 40.3 will reduce the capacity to zero 
for standard pressures. 

Formula 2 may be simplified in the following manner; 



Then Ci = 


1 

K-1 


The following tabulation gives the values of K for various ratios 
of compression : 



K 

2.36 

2.95 

3.51 

4.05 

4.57 

5.07 

5.56 


10 

6.04 

11 

6.51 

12 

6.96 

13 

7.41 

14 

8.85 

15 

8.29 
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The effect of clearance may be shown gra])liically on ihe pressure- 
volume or indicator diagram. In Fig. 61, the diagram AEBF repre- 
sents the relationship of pressures and volumes, when the compressor 
cylinder has no clearance. Line AE represents the compression of 
the gas. Line EB represents the expulsion of the gas from the cyl- 
inder. Line FA represents the suction stroke of the compressor. 
Theoretically, it will be observed that the capacity is equal to the 
displacement of the piston. Of course under practical conditions there 
are unavoidable losses which must be allowed for. It is iurlher ob- 
served that the area of diagram AEBF determines the amount of 
work required for the compression and exi)ulsion of the gas. Now 
if clearance is introduced into the cylinder by means of clearance 
pockets, it is possible to reduce the capacity to zero, as previously 
indicated. Referring to Fig. 61, line BC represents a clearance volume 
of 40.3 per cent. In other words, BC ^ BD = 0.403. The comprc.ssion 
of the gas under these conditions is represented by the compression 
curve AB. The volume of gas in the cylinder and clearance pockets 
at the beginning of compression is represented by line DC ; the volume 
of gas in clearance after compression is represented by line BC. The 
piston travels the entire stroke before the pressure reaches 169 lb. at 
point B and the piston recedes to the end of the stroke before the 
pressure is reduced to 34 lb. at point A. 



Fig. 61.— Pressure Volume Diagram Showing Action of the Compressor 

With and Without Clearance Pockets. 


Curve AB therefore represents the compression and expansion of 
the gas in the cylinder and clearance pockets. 

As regards work requirements, it will be observed that, since the 
compression and expansion of the gas follows the curve AB, no work 
is required, theoretically speaking. Practically some energy is lost 
through friction and radiation, but the major portion of the energy 
given to gas during compression is recovered again, during the expan- 
sion of the gas. 
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The details of construction of one type of clearance pocket head are 
vhnwn hy Fij;. 62 which is a longitudinal and cross section of ammonia 
compressor cylinder equipped with such a head. This special head 
is arranged lor bolting on the head of the cylinder as shown. It 
contains only two pockets or clearance spaces. The clearance spaces 
.110 connected t" the cylinder by means of suitable ports. The opening 
itf these are controlled by valves, the stems of which extend through 
''tufting boxes to suitable hand wheels on the outside. To cut in a 
section of the clearance s])acc the hand wheels on the outside arc 
turned in the proper direction to open the valve in the head. The 
clearance pockets arc cut out of operation by closing the valves. 



Fig. 62.— Sectional View Showing Construction of Clearance Pockets. 


The type of clearance liead shown in Fig. 62 makes it possible to 
reduce the capacity of the head of the cylinder to practically zero ui 

Th^essential advantage in the use of clearance pockets is that 
obtained by being able to vary the capacity of the compressor in some 
proportion to the refrigeration demand. As previously .nd.cated 
operators of ice and refrigerating plants running under «"able oad- 
ulill appreciate this facility. When the refrigeration load dec mes 
the operator is able to cut in the clearance pockets. The 
result of this operation is that the suction pressure is maintained a 
a higher average than would otherwise be possible with a consta t 
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displacement compressor. The economic benefit of maintaining a 
high suction pressure is appreciated when it is remembered that a 
reduction of one pound in the suction pressure decreases the refrig- 
erating capacity over 3 per cent and increases the power consumption 
per unit of refrigeration about 2/2 per cent. These percentages show 
why it is desirable to maintain the highest possible suction pressures, 
yet obtaining the desired temperatures at the points of application 
of the refrigeration. 

Sometimes the following question has been asked regarding clear- 
ance pockets: Is it more desirable to install a number of small units 
without clearance pockets than to install a lesser number of larger 
units each equipped with clearance pockets? 

In the first case, flexibility of operation is obtained by installing 
several small units, so that machines may be cut in or out of service 
according to the refrigeration demand. In this method of operation, 
each unit, while running, would develop its rated capacity, and thus 
operate at a good efficiency. On the other hand, however, consider- 
ation must be given to difference of efflciences of smaller as compared 
to larger units. Generally, the operating or machine efficiency increas- 
es with the relative size of the comprcs.sor. Therefore, in the second 
case, in which larger compressors with clearance pockets are used, 
the gain in operating efficiency due to larger machine may offset the 
unavoidable losses of friction and wiredrawing of gas in being com- 
pressed into, and expanded out of the clearance pockets. 

Other factors to be considered in the economic solution of the 
question are initial and operating costs of the two classes of machines. 
The final selection of a given class of machines for a particular plant 
w’ould be in favor of the type of machine which produces refrigeration 
at the lowest manufacturing cost, due consideration being given to all 
the local conditions in the plant. 

Quite a number of ammonia compressors are equipped with clear- 
ance pockets, at present, in various types of ice and refrigerating plants. 
The consensus of opinions of operators of such equipment indicates 
that the clearance pocket is an adjunct to the efficient operation of 
ammonia compressors. 

Vertical Single-Acting Compressor. — The vertical single-acting, 
false or safety head, ammonia compressor is recognized as an efficient 
type of compressor. With balanced suction valves of large area, these 
machines have a high volumetric efficiency and hence a high overall 
efficiency. The cylinder walls do not tend to wear out-of-round, and 
the piston rod and stuffing box are subjected to suction pressure only. 
It has the disadvantage of requiring high head room, and it is more 
difficult to adjust the working parts. 
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< )n the >inaller machines, the hod plate and housing are cast in 
line piece; in the interme<iiatc sizes, tlie hnusings are separate, and 
the bed j>latcs are cast in *>ne piece; and in the larger sizes the bed 
plates are cast in halves, which arc securely bolted and doweled to- 
gether. There arc but two hearings for the crankshaft, the flywheel 
being placed between them. Accurate alignment of the shaft is secured 
l)v pouring the babbitt metal after the comj)ressors and engine have 
been lined up. Hearings arc prnvi<led with adjustable quarter boxes. 

The compres.sor cylinder is known as the single-acting, false or 
safety head type. The gas enters at the bottom of the compressor and 
passe.s up through a balanced suction valve in the piston; it is com- 
pressed on the upward stroke to the condensing pressure, and passes 
out from the cylinder through the discharge valve, or valves, in the 
center of the safety head. The piston and the bottom of the safety 
head are faced off square, and as they come nearly in contact a very 

complete discharge of the gas is efifected. 

The lower part of the compressor on large machines is generally 
insulated with cork, and the upper part is water-jacketed. The water- 
jacket casing may be cast with the compressor. The insulated portion 
and part of the water-jacket are generally covered with steel lagging^ 

The suction valve is drop-forged steel and of amide area to giv 
minimum lift. A properly designed spring practically floats this ^a ue 

on its .seat so that it opens to admit suction ^ ‘"5 

beginning of the stroke, and remains open throughout he downward 

stroke so that the suction pressure in the cylinder is nearly _ 

in the suction main. The seat and housing of this valve are easily 

removed from the piston for inspection. 

The advantage of the safety head is the security against the break- 
ing of the compressor in case of accidental breaking 
-mv other part of the machine. In such case, the safety head and 

LiiLs the obstruction to pass through or keeps ^ 

t racts the attention of the engineer, when the machine can be shu 
down without the destruction of the compressiu-. which would resu 
iVom such causes if solid heads were used. Or. in the case of an 
overcharge of liquid ammonia, the only result is a hammering of the 
valves and false heads as they raise to allow the liquid to pass. 

The discharge valve, of ample proportions to reduce the lift, is 
made of malleable iron or f.wged steel. It is held in place by a cage, 
which is easily removable for inspection. 

the discharge valve is forced into the safety head. Multiple discharge 
tales are used on the larger sizes and where high speeds are desired. 

Ammonia Compressor Design.-Among the advantages of 
specd machinery is readily discernible the reduction in size for a give 
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nulpiU with cotisequeiU decrease in manulacluring. Iniihliiig, and foun- 
dation costs. A machine properly designed to operate at high speed 
will do so efficiently and without undue wear to provide overall econ- 
omy. Further, direct connection to higher speed motors, perniitteti 
a lower tirst cost ol the electric drive. 



Fig. 63.— Worthington Vertical Single-Acting Compressor 

with Flywheel Type Motor. 


The common parlance in compressor practice is to make the blanket 
term “high speeds” refer to spce<ls from 160 to 600 r.p.m. when 
actually, speeds from 160 to 300 define in general those applicable tf) 
the horizontal units, while 300 to 600 apply to the speeds of vertical 
compressors. These are certainly high speed in comparison with the 
past custom in ammonia comprcss<*r practice. 

Vertical Compressors. — The vertical compressor lends itself es|)e- 
cially well to the small plant, either for ice making, cold storage, or 
general refrigeration. F'ven to supply large loads, some companies 
have found it advisable to meet their load conditions with the instal- 
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lation of several small vertical units which can be cut on and off the 
line when needed. 

Vertical refrigerating compressors for the small plant of the en- 
closed type, are most favorably received in this country for the reason 
that they lend themselves to high speed, to automatic operation, and 
to decreased loss of ammonia. This decreased loss of ammonia is 

due to ease of packing a revolving rod. 

Fig. 63 illustrates the type of vertical, single-acting compressor 
built by Worthington. The cylinder, crank case and base, together 
with the outer bearing, arc cast in one piece of a dense close-grained 
semi-steel. The casting is sand-blasted and acid-dipped before ma- 
chining to remove any surface sand. 

The cvlinder is literally water jacketed to reduce the amount ot 

superheat in the discharge gas. 

The cylinder casting with its bearings arc machined at one setting 
assuring absolute alignment which care is especially necessary since 
this type unit is subjected to very heavy service requirements. The cyl- 
indcr'borc, after being machined, is ground and honed to size, a practice 
similar to that of the better grade automotive engines. The trunk- 
tvpe piston is close-grained gray iron and ground to close clearances 
inade possible bv honed cylinders. It is fitted with three snap rings 
above the wrist-pin and tine oil scraper ring below, Preventing accu 
mulation of oil in cylinder walls that otherwise would finally reac 

the compression chamber. , 

The crankshaft is of drop-forged steel, following the highest class 

automotive practice. The complete shaft is forged in one piece and 

accuratelv machined and ground to size. 

All bearings are of the die-cast type and are interchangeable. The 
outer be^^gt provided with a ring oiler, dipping into a deep recess 

in the casting. fnrp-ed with a two-part die-casting 

ecu? Ivlastened in the piston with locking screws. The connect.ng- 
ro™is drilled so that positWe pressure lubrication is given the wnst-pm^ 
The hange from splash lubrieation to full force-feed ts tn line w. h 
moJern high speed development, and is undoubtedly recogmaed as 
the safe practi^l and efficient means of securing the proper oil supp y 
tVtSg surface. By this means, lubrication ts pos.t.ve, constant 

“ a“ "p-p' directly connected to the compressor shaft 

extends L suctio/i»to the bottom of the crankcase, affording no l.ft 
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to the pump itself. Oil is taken from the crankcase below the throw 
of the cranks and circulated under pressure through the crankshaft 
which is drilled for this purpose to crank-pins, whence it is taken 
through drilled connecting-rods to the trunk-pins. 

A unique filter is provided on the discharge side of the pump com- 
prising a cartridge of steel plates closely separated, effectively cleaning 
the oil before it enters the bearings. These laminated filter plates can 
be cleaned by means of the handle extending outside the case permit- 
ting the necessary scraping of filth collection from the filter sheets 
while the compressor is in operation. 



Fig. 64.— Worthington Feather Valve for Vertical Compressors. 


' Valve Design.— The design of the vertical compressor as built Ijv 
Worthington is obviously different from other machines, primarily 
because of valve characteristics. Because the Worthington feather 
valve, due to its lightness and flexibility, makes practicable a lift con- 
siderably greater than is obtained with a valve of any other type and 
has an area through the lift almost equal to the area through its scat, 
it has not been found necessary to have a valve in piston as is necessary 
with the poppet or mushroom-type valve. The lightness of the valve 
is especially adapted to the higher speeds and therefore the recipro- 
cating motion of the piston is not needed to assi.st in opening and 
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I lu>in^ llu' ■'lu-iioii \al\c a> i> iK-cc»ary with tho lieaxier, greater 
inertia \al\e>. Tlie \ ahe-in-liead. ratlier than \ al\'e-iti-|)iston cun- 
■sinieiinn iherefore peniiits. ut a iifre oninpact <lesigii. a >hnrter and 



Pig, 65,— Vilter Compressor Direct-Connected to Synchronous Motor. 



Fig. 66.-Cross-Section Enclosed Vertical Compressor with Force-Feed 

Lubrication System. 


lighter pi^t.ni giving less weight to reeipuKaiing parts and assures 

iiuiet uperali-'ii due to ahsenee ..t impact m valves. .....iioii 

Fig. (>4 shows features of the valve tor vert.ca units ^ 


and discharge strips are c 


•ontained in one as'emhly calleil tin* vage 
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which comprises the body and plate with its drilled hole passages. 
The ground plate is held’ to the body with ream bolts only as an 
assistance in assembly, and after installing in the com])ressor a heavy 
yoke forces the plate and body together forming a perfect scaled 
joint between the parts and, at the same time, this force is sufticienl 
to seat the cage against gaskets in the cylinder casting. 

Fig. 65 shows a view of a twin-cylinder \'ilter ammonia compressor 
direct-connected to an engine-tyi)e synchronous motor. 



Fig. 67.— CrosB Section of Prick Vertical Single-Acting Ammonia Compressor. 


A cross-sectional view «)f an ammonia compressor with its forced 
feed lubricating system is shown in Fig. 66. The connecting rods 
are made of cast-steel. Wrist-pins are of carbon manganese steel 
ground to size. The oiling .system consists of a gear-type oil pump, 
reserve oil tank with strainer, and necessary valves and fittings. Plate- 
type suction and discharge valves are used. The crankshaft is made 
of forged high carbon steel. Die-cast babbitt bearings are employed. 
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Pis- 68. — York Vertical Enclosed Speed CompresBor. 


THE AMMONIA COMPRESSION SYSTEM 


251 


Fig. 67 shows the construction of the Frick twin-cylinder ammonia 
compressor of the belted type. It is equipped with a forced-feed 
lubricating system as shown. 

Fig. 68 shows the construction of the high-speed vertical, single- 
acting enclosed type of compressor. 

Fig. 69 illustrates the construction of a unit-type refrigerating 
machine. Here the compressor, motor, and condenser are mounted 
on a common structure iron base-plate. The compressor motor is 
mounted on a steel stand and is connected to the compressor by means 
of a “V”-belt-drive. The condenser is of the closed shell-and-tube type, 
connected as shown in the illustration. 


STOP VAO/C 

\ 




suCTionconnnio>^ , 

MOOMSOPOOies i; 



^ wPTCPMrr 
O V'AkV 


Pig. 69. — Prick Unit Type Refrigerating Machine. 


Oil Interceptors. — Due to the lubricating oil becoming vaporized 
during compression of the ammonia, and due to particles of oil being 
suspended in the gas as it leaves the compressor cylinder, it is neces- 
sary to intercept as much as possible of this oil. 

For the condenser to perform its work effectively, all oil must be 
prevented from coating the inner surface of the condenser pipe. The 
interceptor furnishes this safeguard to a certain extent. 

The inlet of the interceptor may be arranged so that the path of 
the ammonia gas is changed by striking against a corrugated baffle 
wall. This causes the gas to travel to each side of the baffle and out 
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of the interceptor, while the oil drains along the baffle to the bottom 
of the interceptor. There is no agitation of the oil in the interceptor. 

The oil may be drained off through a small valve, either globe or 
angle tyjje, attached to the lowest part of the interceptor. 

Fig. 70 shows the construction of welded steel oil interceptors. 

The interceptor may be placed anywhere in the main discharge 
line between the compressor and the ammonia condenser. However, 
])reference should be given to locating the oil interceptor as close to 
the condenser as possible. The interceptor is constructed entirely 
of wrought iron, the heads, inlet and outlet, oil drain and purge con- 
nections being welded to the body'. In some interceptors oil separation 
is effected hv causing the gas to be deflected downward in the center 
of the drum, thus causing the oil to settle <tul into the bottom of the 
interceptor, 



Fig. 70.— Steel Oil Interceptor. 

Types of Condensers.— Ammonia condensers may be divided into 
four general classes, depending upon the arrangement of the cooling 
surface and the manner of the flow of cooling water and the ammonia. 
Many new anti special designs of conden.sers have been brought out 

in the last few years. 
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In the atmospheric type of ctmilenser the water is led in an open 
flow over a vertical coil of pipe. The water is exposed to the atmos- 
phere as it flows over the coils; thus, the name atmospheric may be 
well applied. The double-pipe condenser, as the name implies, is made 
up by inserting one pipe within another. The water flows through 
the internal pipe, and the ammonia through the annular space between 
the pipes. Surface condensers have been developed by trying to 
design an ammonia condenser that would be similar to the steam 
condenser. The shell-and-tube condenser is an example of this. The 
ammonia is condensed in the shell by water flowing through the tubes 
that extend from head to head. Another type of condenser may also 
be made up with a shell for holding the condensing ammonia and a 
series of spiral coils for the cooling water. The submerged type, as 
the name implies, is constructed by simply submerging an ammonia 
coil in water. This type is practically obsolete at present and is use<l 
only on very small plants. 

The following classification indicates some of the vari>jus types 
of condensers which are u.scd at present; 


Class I — Alinospheric Condensers 
Type A — Standard almospbcrk. 

Type B — Bleeder. 

Type C — Flooded. 

Class II — Double Pipe Condensers 
Type A — Standard double-pipe. 

Class III — Surface Condenser> 

Type A— Shell-and-tube, horizotual and vertical. 

Type B — Sbcll-and-coil. 

Class IV— Evapurative 
Type A — Outdoor 
Type B — Inside 

The above list is probably incomplete, but contains those conden- 
sers which may be considered standard, together with several which - 
may be considered special. The standard atmospheric, the shell-and- 
tube, the evaporative, and the standard double-pipe condensers are 
the ones that are used principally at present. 


Atmospheric Condensers. — The standard atmospheric ammonia 
condenser is made up in the form of a flat vertical coil, and usually is 
16 to 24 pipes high, and is about 20 ft. long, as illustrated in Fig. 71. 
Two-inch pipes are generally used and these are connected on ihe ends 
l)y either split or flanged return bends. In many newer installations 
ihe pipe and pipe l>ends are welded together. These coils arc sup- 
ported by iron stands and are placed on about 20-in. centers lo allow 
sufficient passageway between them for cleaning and inspection pur- 
poses. These coils are c(jnnected by means of individual valves to 
suitable gas, liquid and pump-out headers. 
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Drip strips are sometimes placed between the pipes to guide the 
cooling water from one pipe to another without splashing. These 
strips are made of 1-in. x ^-in. metal and are held in position by 
clamps. They are not essential to the functioning of the condenser, 
but prevent a certain amount of the water from being wasted by 
splashing off the coils. They should be used where large quantities 
of water are used over each coil. 

The cooling water is distributed over the coil surface by means of 
a galvanized “V” trough, or by means of a slotted pipe over each 
coil. The trough supports are adjustable for the purpose of elevating 
the trough so as to obtain an even distribution of water over the coil 
surface. 




wet 


Pig. 72.— Double-Pipe Ammonia Condenser. 


The hot ammonia gas from the compressor enters the coils through 
the gas inlet header at the top of the condenser, and flows through 
each pipe and downward until it reaches the bottom pipe. The water 
flows downward over the outside of the coil. The ammonia condenses 
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as it Hows along the pipes until at the bottom the liquefaction has 
been completed. The water and ammonia flow approximately in the 
same direction, that is, there is no counter-current effect, but, due to 
the liberal allowance of coil surface and condenser water, this type 
of comlenser really performs its functions in a satisfactory manner. 
< )f course, in the dryer localities, the evaporation of some of the water 
in passing over the exposed coils aids the cooling quite appreciably. 
It is evident that the liquid, leaving the condenser cannot be cooled 
to the lowest possible temperature, since it is cooled by the warm 
water leaving the condenser. As mentioned before there are several 
nioditications of the atmospheric condenser but few of them continue 
in use at present. 



Fig. 73.— Vogt Seven-Pass Multitube Condenser. 


Double-Pipe Condensers.— The double-pipe type condenser is illus- 
trated by Fig. 72. This condenser is generally made up onj4-»n. and 
2-in. ammonia pipes placed one within the other. The P'Pf.®’ 

connected at the ends by the usual double-pipe return bends and solid 
return bends, enclose the water circulation system. The space between 

the two pipes forms passages for the ammonia. 

The water and ammonia flow in opposite directions, thus the con- 
denser operates on the counter-current principle. The water enters 
at the bottom and passes upward through the one and one-quarter-inch 
pipes. The ammonia enters at the top and passes downward throug 
the annular spaces between the pipe, leaving as liquid at the botton_ 
Thus, the hottest gas meets the warmest water, and during 
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descent and liquefaction it l)ecomes cooler and meets llu- c<>l<lcsi water. 
The ammonia liquid is cooled very near the tem]>eraturc of the water 
at inlet. The heat transfer between the water and ammonia is good, 
which results in efficient operation. Also, the condenser is economical 
in the use of water. 

Shell-and»Tube Condensers. — A horizontal shell-and-tuhe conden- 
ser is made up with a horizontal steel shell with heavy steel heads and 
a large numl)er of extra heavy charcoal tubes that extend from head to 
liead. The water circulation is enclosed by means of baffled heads 
bolted to the shell at each end. These heads cause the water to traverse 
the length of the condenser six to twelve times, passing, of course, 
through the tubes. The ammonia is retained by the shell and after 
liquefaction it is drained off at the bottom of the shell. Fig. 7.^ illus- 
trates the construction of a 7-pass 7-tube condenser of this type. 

The shell-and-tube condenser may also be arranged in a vertical 
position, in which case the water passes downward througli the tubes 
and is then discharged to the sewer. In this arrangement cores are 
sometimes inserted into the tubes to give the water a higher velocity. 

Fig. 74 shows three vertical shell-and-tubc condensers. These con- 
densers are of the single-pass water type, the water being intn)duced 
into distributing boxes located at the t«)ps of each. Shell-and-tulic 
condensers are simple in design and easy to clean. The vertical type 
occupies small floor space and provides excellent oil separation. 

A vertical shell-and- 
spiral-coil condenser is 
used sometimes. The ver- 
tical shell contains the 
ammonia which is intro- 
duced at the top as gas, 
and drained off as liquid 
at the bottom. The cool- 
ing is accomplished by a 
series of spiral coils of 
pipe that are inserted into 
the shell. These coils pass 
through stuffing boxes in 
the heads and are attached 
to inlet and outlet water 
headers. This type of con- 
denser, of course, has the Fig.74. — VerticalShell-and-TubeCondensers 

disadvantage of being difficult to clean, in the case that the water 
would deposit scale or other matter on the coils. Principally they are 
used in small sizes with the low pressure refrigerants and a copper coil. 
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From the foregoing discussions it will be appreciated that there 
are numerous ways of arranging the condenser surfaces and that the 
arrangement will afifect the efficiency of the service of the condenser as 
a cooling, liquefying and aftercooling apparatus. 

Evaporative Condensers. — In recent years the evaporative con- 
denser which is a forced draft cooling tower combined with an atmos- 
pheric condenser in the same housing has become quite popular. It 
is verv compact, moderate in cost and may be installed outside or in- 
doors. It is described more completely in Chapter VII under cooling 
towers. 

Liquid Reccivers.—Thc purpose of the receiver is to provide a 
storage space for a large part of the refrigerant in the system. It also 
serves as a liquid seal. It is always desirable to have a sufficiently 
large receiver when a double-pipe condenser is used, since the storage 
space in this type of condenser is comparatively small. 

Liquid receivers are 
made of heavy wrought iron 
with welded heads, and in- 
clude all the regulating 
valves, liquid indicating 
gauges, etc., required for 
the control of the liquid. 

Suitable liquid inlet and 
outlet stop valves are pro- 
vided, and a charging valve 
is connected with the outlet 
pipe to permit by-passing 
the receiver when charging 
liquid ammonia into the sys- 
tem. The gauge glass is pro- 
tected by a suitable guard, 
and is equipped with con- 
trolling valves at each end. 

Liquid receivers are made in 
both the horizontal and ver- 
tical types. 

Piping.— The successful 
and smooth operation of a 
refrigerating plant depends 

upon the design and layout Fig. 75.— Flanged Expansion Valve. 
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of the ammonia piping system. This is especially true from an operat- 
ing viewpoint. Many operating difficulties may be traced to faulty 
piping systems. 

The object of the piping system is to conduct the fluid from one 
apparatus to another. It is evident that this must be done with the 
least cost, at the same time giving proper consideration to safety re- 
quirements. Since ammonia has a corrosive and suffocating action 
on human life, it is necessary to make sure that the piping, valves and 
fittings will not fail under ordinary conditions of operation. The fail- 
ure of piping, valves and fittings is not generally due to excessive pres- 
sures, but rather to the presence of liquid, vibration, temperature 
changes, faulty methods of support, etc. 

The pressure in ammonia, gas, and liquid piping systems is fairly 
high, so that valves and fittings must be designed for a working pres- 
sure of 250 lbs. per sq. in. The lines and mains should be le\ el, well 
aligned and free from liquid collecting traps 

Vibration in piping systems is a source 
of danger to all parts of the system. Vibra- 
tion may be due to the intermittent flow of 
gas, vibration of the compressors, engines, 
etc. Therefore, especial attention must be 
given to the proper anchoring of the pipes. 

Similarly, the lines will contract and expand 
with the changes of temperature. Compen- 
sation must be made for these changes of 
length. 

Thus, the piping system and all (»f its 
components must be well designed, struc- 
turally strong, and well supported and an- 
chored. Furthermore, it should be accessible. 

Wrought iron and steel pipe may be used 
for ammonia connections and piping. 

Wrought iron pipe is more durable and also 
more expensive. At present steel pipe is 
used mostly. Liquid lines are generally made of extra heavy pipe. 
Discharge lines are generally made of extra heavy pipe until the larger 
sizes are reached. Suction lines are usually made of standard pipe, until 
the smaller sizes are reached. The relative cost of making pipe bends 
and the use of fittings have probably a more direct bearing on the 
weight of pipe to be used than the intensity of pressures and the size 
of the mains. 

Pipe fittings and valves for ammonia piping systems are made of 
malleable iron, ferrosteel, semi-steel, drop-forged steel, etc. They arc 
designed for 250 lbs, per sq. in. working pressures and are termed extra 


and pockets. 



Fig.76.— Vogt Globe Valve, 
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lieavy. These fillings may be divided inlo two classes, screwed and 
Hanged. Screwed fittings are used generally on the smaller sizes only. 
No hard-and-fast rule may be laid down to govern the limits within 
which each type of fitting may be used. The tendency has been to 
use flanged fittings on the larger sizes. As a general rule, flanged fit- 
tings should be used on lines inches or larger. 

Fig, 75 shows the construction of a small flanged expansion valve, 
while Fig. 76 indicates tiie construction of a large flanged globe valve. 


^OLOEICEO 



SoLPii: 
Cover 




Fig. 77.— Soldered Pipe Joint, 


The general methods of connecting pipe are by means of couplings 
'iiui flanged unions. The coupling is a screwed connection and is not 

used extensively. The flanged unions are made by 
bolts and gaskets. The actual connecting of the pipe to ^hyouplmg 
or flanged union is accomplished by means of soldered and 
joints, A litharge joint may be made by using a cement 
itharge and glycerin. A soldered joint is made by covering all threads 
!:^h folder a^nd by shrinking the flange onto the pipe. The sold^re 
joint is used more extensively at present. Litharge 
easily changed. Fig. 77 indicates how a screwed fitting and a pipe 

connected by means of a soldered joint. caskets 

In making flanged joints, either lead, rubber, or asbestos gasket. 

may be used. Lead gaskets are used extensively at present. 
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Compressor and Capacity Data. — In ihc followin'; 'r:il)ics 4i 
throxigh 54 data is given on refrigerant (juanlitics, coln]^re^^or (Hn- 
placements and capacities. 


TABi.F.4i. — M.wimvm Si*ef.ds Axn !)isri..\CEMF.XTS OF Twin \'.S..\, 

.\mmoxia Comi’ressoks. 


Diam. and stroke Cu. in. 
of cylinder, ins. revolution 

Max r.D.m. 

Piston speed 
ft. per min. 

Displ. cu. ins. 
per min. 

2x2 




7,536 

2 V 2 X 2\'2 




13,660 

3x3 




21,800 

3 V 2 X 3>4 

67.38 


281 

32,450 

4x4 

100.4 


300 

45,180 

4 V 2 X iV 2 

143.1 

425 

319 

60,830 

5x5 

196.3 

400 

333 

78,520 

5 V 2 X 5‘/2 

261.3 

380 

348 

99,300 

6x6 

339.3 

450 

450 

152,800 

6 V 2 X 6 V 2 

431.4 

425 

460 > 

183,200 

7x7 

538.8 

400 

466 

215,520 

7‘/2X 7»/2 

662.7 

380 

475 

251,800 

8 x 8 

804.3 

360 

480 

289,700 

8 ‘/ 2 X 8 V 2 

964.7 

327 

.463 

315,500 

9x9 

1145.1 

327 

490 

375,000 

9 V 2 X m 

1346.8 

300 1 

475 

404,000 

10 xlO 

1570.8 

300 

500 

471,240 

lOV^xlOV^ 

1818.4 

277 

485 

503,500 

12 kl 2 

2714.4 

257 1 

514 

697,000 


Note — S izes 2'x2' to splash luljrication, generally. 

.Note — S izes 6'x6' to I2'xl2', forcefeed lubrication, generally. 


Horizontal Ammonia Compressors. — The maximum allowable rev- 
olutions per minute for slow speed ammonia compressors may be de- 
termined by Gardner's rule as follows: 

376 

Max. r.p.m. = — — 

Vs 

Where s = stroke of piston, in inches. 

Similarly, the maximum allowable revolutions per min. for high- 
-speed ammonia compressors may be determined as follows: 

850 

r.p.Tn.}i.s. 


Vs 
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Taki.e 43. — Refrigerating Capacities and Brake Horsepower of Ammonia 
Compressors at Maximum Speeds Shown in Table 42. 


Comp. 

0#S.P. 

I0#S.P. 

20#S.P. 

30#S.P, 

40ifS.P. . 


Tons 

B.II.F. 

Tons 

B.H.P. 

Tons 

B.H.P. 

Tons 

B.H.P. 

Tons 

B.H.P. 

Size 

Refr. 


Refr. 


Refr. 


Refr. 


Refr. 

• 

2 x2 

0.35 

1.32 

0.62 

1.04 

0.96 

1.82 

1.20 

1.94 

1.46 

1.96 

2Hx2>^ i 

0.65 

2.40 

1.13 

2.98 

1.74 

3.31 

2.18 

3.52 

2.65 

3.55 

3 x3 

1.16 

3.66 

2.03 

4.65 

2.93 

5.22 

3.86 

5.60 

4.74 

5.67 

3Mx3M 

1.72 

5.45 

3.02 

6.93 

4.36 

7.78 

5.75 

8.34 


8.44 

4 x4 

2.41 

7.18 

4.22 

9.05 

6.02 

10.10 

8.00 


9,80 

10.94 

4l^x4H 

3.25 

9,67 

5.69; 

12.20 

8.11 

13.61 

10.77 

14.50 


14.75 

5 x5 

4.21 

11.88 

7.33 

15.10 

10.52 

16.87 

13.88 

17.98 


18.31 


5.32 

15.03 

9.27 

19.10 

13.30 

21.32 

17.55 

22.72 

21.47 

23.15 

t> xC) 


22.201 

14.20 

28.60 

20.65 

32.20 

27.00 

34.00 


34.70 



26. so! 

17.02 

34.30 

24.75 

38.60 

32.40 

40.75 

In 

41.60 

7 x7 

11.50 

31.20 

20.10 

39.60 

29.00 

44.40 

38.10 

47.00 

46.80 


7K2X7H 

13.43 

36.50 

23.50 

46.30 

33.90 

51.90 

44.50' 

54.90 


55.85 

8 x8 

15.20 

40.70, 

26.80 

52.00 

39.70 

58.50 

51.00 

62.70 

IsaS 

64.00 

8J^x8M 

16.55 

44.30 

29.20 

56.60 

43.20 

63.70 

55.60 

68.30 



9 x9 

19.70 

52.50 

34.90 

66.80 

50.30 

74.60 

66.50 

80.60 


81.30 

9Hx9H 

21.20 

56.00 

37.60 

72.00 

54.20 

80.20 

71.70 

86.80 


87.60 

10x10 

25.10 

66.50 

43 . 90 

84.00 

63.50 

94.00 

83.60 

102.00 

mK|in 


\0lix\QH 

26.80 

71.00 

46.60| 

89.60 

67.80 

100.20 

89.20 

108.80 


n 

12x12 

37.20 

98.40 

64 . 60! 

124.10 

94.00 

138.80 

123.50 

150.80 




For a condenser pressure of 18S lbs. gauge; dry compression with no liquid subcoolmg. 


ABLE 44.— Maximum Speeds and Displacements of Single Cylinder H.D.A 

Ammonia Compressors. 


Diam. and stroke 
of cylmder, ins. 

10x10 
11x11 
12x12 
13x13 
15x15 
17x17 
19x19 
21x21 
24x24 


Cu, in. 
revolution 

Max. r.p.m. 

Piston speed 
ft. per min. 

Displ. cu. r 
per min. 

114^.1 ■ 

1570.8 

527 

300 

456 

500 


mms^ 

277 

508 

579,000 

2714.4 

257 

514 

697,000 

3451.0 

240 

520 

829,000 

5301.3 

225 

562 

1,193,000 

8717.3 

200 

567 

1,743,000 

10774.1 

180 

570 1 

1,951,000 

14547.1 

164 

574 

2,383,000 

21714.7 

150 

600 

3,260,000 
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Table 45.— Refrigerating Effect of Freon-12 in Btu. Per Ln. Dry Comi-ress;on 

With No Liquid Subcooling. 


Condensing Gauge Pressure 

57.711 63.731 70.121 76.90 |S4.06| 91.6 1 93.2 1 99.6 | lQg.0|116.9| 126.2 1136.0 


Saturated Condensing Temperature ®F. 

60 I 65 I 70 i 75 I 80 I 85 I 86 | 90 | 95 | 100 | 105 | 110 


Prctture 
iU. ptf 
Sq. in. 

Sfttunted 

EvuponU 

ing 

Temp. T. 

10.92* 

-40 

8.34* 

-35 

5.45* 

-30 

2.28* 

-25 

0.58 

-20 

2.46 

-15 

4.50 

-10 

6.74 

- 5 

9.17 

0 

11.81 

5 

14.65 

10 

17.74 

15 

21.05 

20 

24.62 

25 

28.46 

30 

32.57 

35 

36.98 

40 


51.93 

52.43 

53.13 

53.73 

54.30 

54.88 

55.48 

56.06 

56.64 

57.22 

57.79 

58.36 
58.92 

59.49 

60.04 

60.59 

61.14 


50.78 

51.28 

51.98 

52.58 

53.15 

53.73 

54.33 

54.91 

55.49 

56.07 

56.64 

57.21 

57.77 

58.34 

58.89 

59.44 

59.99 


49.60 

.50.10 

50.80 

51.40 

51.97 

52.55 

53.15 

53.73 

54.31 

54.89 
55.46 
56.03 

56.59 

57.16 

57.71 
58.26 

58.81 


48.42 

48.92 

49.62 

50.22 

50.79 

51.37 

51.97 

52.55 

53.13 

53.71 

54.28 
54.85 
5.5.41 

55.98 
56.53 

57.08 

57.63 


47.22 

47.72 

48.42 
49.02 

49.59 

50.17 

50.77 

51.35 

51.98 

52.51 

52.98 

53.65 

54.21 

54.78 

55.33 
55.88 

56.43 


46.02 

46.52 

47.22 

47.82 
48.39 
48.97 

49.57 

50.15 

50.73 

51.31 
51.88 

52.45 
53.01 

53.58 

54.13 
54.68 

55.23 


45.78 

46.28 

46.98 

47.58 

48.15 

48.73 

49.33 

49.91 

50.49 
51.07 
.51.64 

52.21 

52.77 

53.34 

53.89 

54.44 

54.99 


44.80 

45.30 

46.00 

46.60 

47.17 
47.75 

48.35 

48.93 
49.51 

50.09 

50.66 

51.23 

51.79 

52.36 

52.91 

53.46 

54.01 


43.57 

44.07 

44.77 

45.37 

45.94 

46.52 

47.12 

47.70 

48.28 
48.86 
49.43 

50.00 

50.56 

51.13 
51.68 

52.23 

52.78 


42.34 

42.84 

43.57 

44.14 

44.71 

45.29 

45.89 

40.47 

47.05 

47.63 
48.20 
48.77 
49.33 

49.90 

50.45 

51.00 
51.55 


41.10 

41.60 

42.30 
42.90 
43.47 
44.05 

44.65 
45.23 
45.81 
46.39 
46.96 
47.53 
48.09 

48.66 
49.21 
49.76 

50.31 


39.85 

40.35 

41.05 

41.65 

42.20 

42,80 

43.40 

43,98 
44,56 

45.14 

45.71 
46.28 
46.84 

47.41 
47.96 
48.51 

49.16 


Inches of mercury below one atmosphere. 


Table 46. — Pounds of Freon-12 Per Minute Per Ton of Refrigeration Dry 

Compression With No Liquid Subcoolinc. 


iSJum 57.711 63.731 70.i2| 76.901 84.061 91.6 I 9l2 I 99.6 1 1Q8.0| 116.9 1 126.2| 136.0 


Condensing Gauge Pr.’asure 


Lb*. Mr iog 
I. Id. 


10.92* 

8.34* 

6.45* 


Temp. ’F. 


6.74 
9.17 
11.81 
14.65 

17.74 
21.05 
24.62 
28.46 
32.67 
36.98 





Saturated Condensing Temperature "F. 

60 I 65 1 70 I 75 I 80 I 85 | 80 | 90 ] 95 | 100 1 105 


3.86 

3.81 

3.77 

3.73 

3.69 

3.64 

3.60 

3.67 

3.53 

3.40 

3.46 

3.43 

3.40 

3.37 

3.33 

3.30 

3.27 


3.94 

3.90 

3.85 

3.81 

3.77 

3.72 

3.69 

3.65 

3.61 

3.57 

3.53 

3.50 




4.04 

3.99 

3.03 

3.89 

3.85 

3.81 

3.77 

3.73 

3.69 

3.64 

3.60 

3.57 

3.53 

3.50 

3.47 

3.43 


4.13 

4.09 

4.03 

3.98 

3.94 

3.90 

3.85 

3.81 

3.77 

3.73 

3.68 

3.65 

3.61 

3.58 

3.54 

3.51 

3.47 


4.24 

4.19 

4.13 

4.08 

4.04 

3.99 

3.95 

3.90 

3.85 

3.81 

3.78 

3.73 

3.68 

3.65 

3.62 

3.58 

3.54 


4.35 

4.30 

4.24 

4.18 

4.13 

4.09 

4.04 

3.99 

3.95 

3.90 

3.85 

3.81 

3.77 

3.74 

3.70 

3.66 

3.62 


4.37 

4.32 

4.26 

4.20 

4.16 

4.11 

4.06 

4.01 

3.97 

3.92 

3.87 

3.83 

3.79 

3.76 

3.71 

3.67 

3.64 


4.47 

4.42 

4.35 

4.29 

4.24 

4.19 

4.14 

4.08 

4.04 

3.99 

3.95 

3.90 

3.87 

3.82 

3.78 

3.74 

3.70 


4.59 

4.54 

4.47 

4.41 

4.36 

4.30 

4.2-1 

4.20 

4.14 

4.09 

4.05 

4.00 

3.96 

3.91 

3.8? 

3.83 

3.79 


4.72 

4.67 

4.59 

4.53 

4.47 

4.42 

4.36 

4.31 

4.25 

4.20 

4.15 

4.10 

4.05 

4.01 

3.96 

3.92 

3.88 


4.87 

4.81 

4.73 

4.66 

4.60 

4.54 

4.48 

4.42 

4.36 

4.31 

4.26 

4.21 

4.16 

4.11 

4.07 

4.02 

3.98 


5.02 

4.96 

4.88 

4.81 

4.74 

4.68 

4.61 

4.55 

4.49 

4.43 

4.38 

4.32 

4.27 

4.22 

4.18 

4.13 

4.07 


* Inchen of mercury below one atmosphere. 
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PRINCIPLES OF REFRIGERATION 


T \ni.F. 47.— Tiieuketical Dispi.acemexts ok F-li Compressors Cu. Ins. Per Win. 


«,74 

9.17 

11,81 

14.65 

17.74 

21.05 

24.62 

28.46 

82.57 

36.98 


Per Ton 

Gauge 

Saturated 

Pressure 

t)v'ai)orat- 

Lbs. per 

ing 

Sq. u. 

Terop. *F. 

10.92* 

-40 

8.34* 

-3.5 

5.45* 

-30 

2.28* 

-25 

058 

-20 

2.46 

-15 

4.50 

-10 


Condensing Gauge Pressure 

57.71i 63.73’ 70.12 76.901 84.06i 91.6 i 93.2 I 99.6 1 108.0 '116.9 1126.21 136,0 


60 I 65 


Saturated Condensing Temperature “F. 

70 I 75 I 80 I 85 I 86 I 90 I 95 I 100 


105 1 no 


5 

0 

5 

10 

15 

20 

25 

30 

35 

40 


17700 

15750 

14000 

12450 

11150 

10000 

8880 

8080 

7290 

6580 

5970 

5410 

4635 

4475 


26600 

23400, 

20500 

181501 

16100, 

14300 

12750 

11400, 

10220, 

9160 

8240 

7440 

6720 

6080 

5520 

4720 

4555 


27300 27900 28650 
23900 24500 25100 
20950 21500 22000 
18550 18950 194.50 
16450 16800 172.50 
14650!1.5000 15350 
1305013.3:10 13650 
116.501190012180 
104.30 10660,10880 
9570' 9780 
8590 8820 
7760 7930 
7000 7130 
6.340 ! 6470 


93401 

8400 

7590 

6840 

6200 

5630 

4820 

4650 


5740 

4930 

4750 


5870 

5030 

4845 


29400; 

25800 

22600 

19900: 

176,50 

15750 

13980; 

12470| 

11170 

10000 

89.80 

8100 

7300 

6630 

6000 

5140 

4950 


29500 30200131000 31900 32900 
125900 26500,27200 28000 28850 
22700 23200 23850,24500 25200 
20000 20450 21000 21600 22200 
17750 18100, 18600'19100 
15800:i6100,16550:i7000 
14040'14330 14660 15070 
12530il27.50'13130!l3470 
11230,1143011720 
10050 10230 10480 


33000 

29750 

26000 

22900 


9040 

8140 

7340 

6660 

6020 

5160 

4980 


9220 9460 
8290 8.500 
7500 7670 
6770' 6930 
6140[ 6280 
5260! 5380 
5060, 5180 


12030 

10770 

9690 

8710 

7840 

7110 

6420 

5500 

5310 


19650,20250 
17450,18000 
15500,15950 
13880 14220 
12330 12700 
11050 11350 
9940 10230 
8950 9180 


8060 

7280 

6600 

5650 

5440 


8270 

7480 

6780 

5800 

5570 


Inches of mercury below one atmosphere. 


Taki.r 48 .— Refrigehatinc Effect of Sulphur Diox:iie Btu. Pkh Lb. Drv 
Compression With Xo Liquid Subcooi.ing. 


Gftuge 

PreMurt 

Ifi. 


23.54* 

22.41* 

21 . 10 * 

19.63* 

17.93* 

16.05* 

13.01* 

11.52* 

8.85* 

5.87* 

2.59* 

0,51 

2.48 

4.64 

7.00 

9.58 

12.40 


Saturated 

Evaporet* 

ing 

Temp. ‘F. 


40 

35 

30 

25 

20 

15 

10 

5 

0 

5 

10 

15 

20 

25 

30 

35 

40 


Condensing Gauge Pressure 

26.231 30.43! 34.92| 39.77) 4 4.98| 50.58[ 51.75| 56.55| 62.90] 69.82| 77.151 85.0j 

Saturated Condensing Temperature ®F. ^ 

60 I 65 1 70 1 75 I 80 I 85 i 86 I 90 | 9o j 100 I lOo I nO 


145.5 

146.2 

146.8 

147.4 

148.0 

148.5 

149.0 

149.5 

150.0 

150.4 

150.8 

151.1 

151.4 
151.7 

151.9 

152.1 

152.3 


143.8 

142.0 

140.3 

138.6 

136.8 

136.5 

144.4 

142.7| 

141.0 

139.2 

137.0 

137.1 

145.1! 

143.3 

141.6 

139.8 

138.1, 

137.8 

145.7 

143.9 

142.2 

140.4 

138.7 

138.4 

146.2 

144.5 

142.7 

141.0 

139.3 

138.9 

146.8! 

145.0 

143.3 

141.6 

139.8 

139.5 

147.31 

145.6 

143.8 

142.1 

140.3 

140.0 

147.8' 

146.01 

144.3 

142.6 

liO.8 

140.5 

148.2 

146.5' 

144.7 

143.0 

141.3 

140.9 

148.7 

146.9, 

145.2 

143.4, 

141.7 

141.4 

149.0 

147.3 

145.5 

143.8 

142.1 

141.9 

149.4 

147.6 

145.9 

144.2! 

142.4 

142.1 

149.7 

147.9, 

146.2 

144.5| 

142.7 

142.4 

149.9 

148.2 

146.5 

144.6! 

143.0 

142.8 

150.2 

148.4 

146.7 

145.0 

143.2 

142.9 

160.4 

148.6 

146.9 

145.2; 

143.5 

143.1 

150.5 

148.8, 

147.0 

145.3! 

143.6 

143.3 


135.1 

135.8 

136.4 

137.0 
137.6: 

138.1 

138.6 

139.1 

139.6 

140.0 

140.4 

140.7 

141.0 
141.3 

141.5 

141.7 

141.9 


133.4 

134.1 
134.7j 
135.3, 
135.9, 

136.4 

136.9 

137.4 

137.9 

138.3 

138.7 

139.0 

139.3 
139.6 

139.8 

140.0 

140.2 


131.7 

132.5 
133.0| 
133.6' 

134.2 

134.7 

135.2 

135.7 

136.2 

136.6 

137.0 

137.3 

137.6 
137.9 

138.1 

138.2 
138.5 


129.7, 

130.4 

131.0 
131.6; 
132.2| 
132.7| 
133.3 
133.7 

134.2 

134.6 

133.0 

135.3 

135.6 
135.9 

136.1 

136.3 

136.5 


128.3 

129.0 

129.6 

130.2 

130.8 

131.4 

131.9 

132.4 

132.8 

133.2 

133.6 

133.9 

134.3 

134.5 
134.8 

135.0 

135.1 


* Inches of mercury below one atmosphere. 




THE AMMONIA COMPRESSION SYSTEM 


265 


Table 49— Pounds ok Sulphur D oxidk Fkr Minute Per Ton Kekkkiekation Dhv 

Compression With N'o l.tyuin SuHtooi.iNc;, 


Gftuge 
PrcMurc ] 
Lbi. per 

Sq K. 

Saturated 

SvaporaU 

ing 

Femp. *F. 

Condensing Gauge Pressure 

2G.23 130.431 34.92 139.771 44.981 50.58! 51.751 56.551 02.901 C9.82i 

77.1.5' 

85.06 

60 1 

65 1 

Saturated Condensing Temperature ®F. 
70 1 75 1 80 1 85 | 80 | 90 | 95 | 

100 1 

105 1 

no 

23.54* 

-40 

1.374 

1.391 

1.408 

1.426i 

1.443 

1.462 

1.465! 

1.480 

1.499 

1.518 

1 .542 

'1..5.58 

22.41* 

-35 

1.368 

1.385 

1.402 

1.419i 

1.436 

1.455 

1.4581 

1.473 

1.492 

1.510 

1.534 

1.550 

21.10* 

-30 

1.362 

1.379 

1.395 

,1.413 

1.430 

1.448 

1.452 

1.466 

1.485 

1.504 

1.526 

1.5-13 

19.63* 

-25 

1.357 

1.373 

1.390 

1.407 

1.424 

1.441 

1.445 

1.460 

1.478 

1,497 

1,519 

1.536 

17.93* 

-20 

1.352 

1.368 

1.384 

1.401 

1.418 

1.43G 

1.439 

1.451 

1.472i 

1.-191 

1.513 

■ 1 .528 

16.05* 

-15 

1.346 

1.363 

1.379 

1.396 

1.413| 

1.430' 

1.434 

11.448 

1.466, 

1.4&5; 

1..507 

1 .522 

13.91* 

-10 

1342 

1.358 

1.374 

1.390 

1.408 

1.425 

,1.428 

1.442 

1.460 

1.479 

1.501 

1,517 

11.52* 

- 5 

1338 

1.353 

1.369 

1.388 

1.403 

1.420 

1.423, 

1.438 

1.455 

1.474 

1.495 

1..511 

8.85* 

0 

1.334 

1.349 

1.365 

1.383 

1.398 

1.415 

1.420, 

1.433 

1.450 

1.469 

1.490 

1.505 

5.87* 

5 

1.330 

1.345 

1.361 

1.378 

1.394 

1.411 

1.41.5i 

1.429 

1.446 

1.46-1 

1.48.5 

!l.501 

2.59* 

10 

1.327 

1.342 

1.356 

1.374 

1.390 

1.408 

1.410: 

1.425 

1.442 

1.460 

1.482 

1.497 

0.51 

15 

1.323 

1.339 

1.354 

1.371 

1.387 

1.404 

1.4081 

1.421 

1.438 

1.4571 

1.480; 

1.-191 

2.48 

20 

1.321 

1.3.36 

1.352 

1.368 

\.m 

1.401 

1.404 

1.418 

1.435 

1.453 

1.474| 

1.489 

4.64 

25 

1.319 

1.33-1 

1.349 

1.365 

1.382 

1.398 

i.4oo: 

1.415 

1,433 

1.450 

1.4711 

1.487 

7.00 

30 

1.316 

1.332 

1.347 

1.363 

1.380 

1.396 

1.399: 

1.413 

1.430 

1.448 

1.469' 

1.484 

9.58 

35 

1.31.5 

1.330 

1.34.5 

1.361 

1.378 

1.395 

1.398; 

1.411 

1.428 

1.44G 

1.407 

1.482 

12.40 

40 

1.313 

1.328 

1,344 

1.360 

1.376 

1.393 

1.396' 

1.410 

1.427 

1.444 

1.465 

1.480 


Inches of mercury below one atmosphere. 


Tabi.e so. — Theoretical Displacement op Sulphur Dioxide Compressors Cu. Ins. 
Per Min. Per Ton Refriokration Dry Compression W.th N'o l.iyi in Suikooi in(,. 



Saturated 

Evaponrt* 

ing 

Ttmp. *?. 




Condensing Gauge Pressure 




Qftuge 
Profure 
Lbt. Mr 
8«|. In. 

26.231 30.431 34.921 39.771 44.98| 50.58| 51.75| 56.55 

; 62.901 69,821 77.15 85-00 



Saturated Condensing Temperature ’’F. 



60 I 

65 1 

70 1 

75 1 

80 

1 S5 

86 1 

1 90 1 

95 1 

1 100 1 

1 105 1 

110 

23.54* 

-40 

53210 

53890 

54560 

5.5230 

55920 

5663o! 56770 

57350 

58080. 

58830 

5973o!60370 

22*41 * 

-35 

45470 

46010 

46570 

47150 

47730 

48340 

Amo 

48950 

49570 

50170 

50970 

51510 

1 

21.10* 

-30 

38990 

39450 

39930 

40420 

40920 

41430 

41540 

41960 

42490' 

43030 

43680 

44140 

19.63* 

-26 

33550 

33950 

34360 

34780 

35210 

35630 

35740 

36100 

36550 

37020 

37570 

37970 

17.93* 

-20 

29010 

29350 

29710 

30070 

30440 

30820 

30890 

31200 

31590 

31990 

32470 

32790 

16.05* 

-IS 

25140 

25450 

26750 

26070 

26390 

26710 

26780 

27050 

27390 

27730 

28140 

28440 

13.91* 

-10 

21890 

22150 

22410 

22670 

22960 

23240 

23300 

235.30 

2.3830 

24130 

24480 

24740 

11.62* 

- 5 

19140 

10360 

19500' 

19830 

20070 

20320 

20370 

20570 

20820 

21080 

21400 

21620 

8.86* 

0 

16770 

16070 

17170 

17390 

17590 

17810 

17860 

18030 

18250 

18480 

18750 

18930 

6.87* 

5 

14750 

14930 

15100 

15290 

15470 

15660 

15700 

15850 

15920 

16250 

16470 

:166G0 

2.59* 

10 

13030 

13180 

13330 

13490 

13650 

13820 

13940 

13990 

14160 

14340 

14550 

14700 

0.51 

15 

11530 

11670 

11800 

11940 

12090 

12230 

12260 

12380 

12530 

12690 

12870 

13010 

2.48 

20 

10240 

10360 

10480 

10600 

10730 

10860 

10890 

11000 

11130 

11270 

11430 

11550 

4.64 

26 

9100 

9205 

9310 

9424 

9543 

9652 

9662 

9769 

9890 

10010 

10160 

10200 

7.00 

30 

8146 

8241 

8337 

8436 

8537 

8640 

8661 

8745 

8851 

8960 

9090 

9180 

9.58 

35 

7300 

7382 

7465 

7557 

7647 

7740 

7757 

7833 

7028 

8025 

8142 

8225 

12.40 

40 

6550 

6628 

6706 

6785 

6866 

6948 

6955 

7033 

7118| 7206 

7310, 

7385 


* Inchee of mercury below one atmosphere. 
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Table 51 . — Refrioekatixc Characterist cs of Methyl Chloride. Refrigerating 
Effect in Btc. Per Lb.; Lbs. Evaporated Per Min. Per Ton of Refrigerat.on ; 
Theoretical Compressor Displacement in Cil Ins. Per Ton Refr ceration. 


Gauge 
Pressure 
Lbs. per 
Sq.Jn. 

Saturated 

Evaporal- 

IDg 

Temp. ’F. 

* 

Condensing Gauge Pressure 

1 46,3 1 57.8 1 72.3 | 80.8 

1 87.3 

1 102.3 

1 118.3 

Saturated Condensing Temperature *F. 

1 60 1 70 1 80 1 86 1 90 

1 100 

1 no 



Refrigerating effect 

H 

148.5 

145.5 

142.4 

141.0 

137.0 

133.5 

6.51* 

-20 

Lhs, per min. i>er ton 

tiai 

1.347 

1.375 

1.404 

1.418 

1.460 

1.498 



Displacement cu. ios. 

17510 

17980 

18360 

18760 

18940 

19490 

20010 



Refrigerating effect 

155.0 

151.0 

147.0 

144.9 

143.5 

139.5 

136.0 

0.41* 

-10 

Lbs. per min. per ton 

1.290 

1.324 

1.360 

1.380 

1.394 

1.434 

1.470 



Displacement cu. ins. 

13810 

14170 

14560 

14770 

14910 

15340 

15730 



Refrigerating effect 

157.5 

153.5 

150.5 

147.4 

146.0 

142.0 

138.5 

3.8 

0 

< Lbs. per min. per too 

1.270 

1.303 

1.329 

1.357 

1.370 

1.408 

1.444 



Displacement cu. ins. 

10980 

11270 

11490 

11730 

11850 

12180 

12490 



Refrigerating effect 

158.8 

154.8 

150.8 

148.7 

147.3 

143.3 

139.8 

0.19 

5 

Lbs. per min. per ton 

1.259 

1.292 

1.326 

1.345 

1.358 

1.396 

1.431 

1 

1 


Displacement cu. ins. 

9856 

lOllO 

10380 

10530 

10630 

10920 

11200 

1 


Refrigerating effect 

160.0 

156.0 

152.0 

149.9 

148.5 

144.5 

141.0 

8.6 

10 

Lbs. per min. per ton 

1.250 

1.282 

1.316 

1.334 

1.347 

' 1.384 

1.418 



Displacement cu. ins. 

8845 

9071 

9310 

9441 

9530 

9794 

10040 



Refrigerating effect 

163.5 

158.5 

165.5 

152.4 

151.0 


143.5 

13.6 

20 

Lbs. per min. per ton 

1.223 

1.262 

1.286 

1.312 

1.324 


1.394 



Displacement cu. ins. 

7117 

7341 

7483 

7635 

7706 

7915 




Refrigerating effect 

164.7 

160.7 

156.7 

154.6 

153.2 

149.2 

145.7 

20.3 

30 

Lbs. per min. per too 

1.214 

1.247 

1.276 

1.294 

1.305 


1.373 



Displacement cu. ins. 

5832 

5978 

6130 

6214 

6270 

6438 




Refrigerating effect 

167.2 

163.2 

159-2 

157.1 

155.7 

151.7 

148.2 

28 1 

40 

Lbs. per min. per ton 

1.196 

1.225 

1.256 

1.273 

1.284 

1.318 

1.349 



Displacement cu. ins. 

4794 

4912 

5035 

5103 

5148 

5284 

m 


• Inches of mercury below one atmosphere. 
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Table 52. — Rekricerating Effect of Carbon Dioxide 
Dry Compression With No Lnji-io Subcooling. 


Gauge 
Pressure 
Lbs. per 
Sq. In. 

Saturated 

Evaporat- 

ing 

Temp. °F. 

744 1 

CoadeosiQg Gauge Pressure 
785 1 S39 1 895 | 954 | 

1016 

1 1028 

60 

Satur; 

65 

ated Condensing Temperature ^F. 

70 1 75 1 80 1 85 

1 86 

131 

-40 

82.3 

78.4 

: 74.1 

69.4 

63.9 

36.5 

54.5 

147 

-35 

82.5 

78.6 

74.3 

69.6 

64.1 

56.7 

54.7 

163 

-30 

82.7 

78.8 

74.5 

69.8 

64.3 

56.9 

54.9 

181 

-25 

82.8 

78.9 

74.6 

09.9 

64.4 

57.0 

55.0 

200 

-20 

83.0 

79.1 

74.8 

70.1 

64.6 

57.2 

55.2 

221 

-15 

83.2 

79.3 

75.0 

70.3 

G-1.8 

57.4 

55.4 

243 

-10 

83.2 

79.3 

75.0 

70.3 

' 64.8 

57.4 

55.4 

266 

- 5 

83.3 

79.4 

75.1 

70.4 

64.9 

57.5 

5.5.4 

291 

0 

83.4 

79.5 

75.2 

70.5 

65.0 1 

57.6 

53.6 

317 

5 

83.2 

79 3 

75.0 

70.3 

6-1.8 ' 

57.4 

55.4 

345 

10 

83.2 

79.3 

75.0 

70.3 

64.8 

57.4 

55.4 

375 

15 

83.1 

79.2 

74.9 

70.2 

64.7 

57.3 

55.3 

407 

20 

82.8 

78.9 

74.6 

69.9 

64.4 

57.0 

55.0 

435 

25 

82 5 

78.6 

74.3 

69.6 

04,1 ' 

56.7 

54.7 

476 

30 

82.3 

78.4 

74.1 

69.4 

63.9 

56.5 

54.5 

514 

35 

81.8 

77.9 

73.6 

68.9 

63.4 

5C.0 

54.0 

553 

40 

81.2 

77.3 

73.0 

68.3 

^62.8 

55.4 

53.4 
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Tari.k 53 . — PofXDs OK Cakhox Dioxiue Ev.apokated Per Min, Per Ton of 
Refrigeration Drt Compression With No Liquid Subcooung 


Gauge 
Pressure 
Lbs. per 
Sq, In. 

Saturated 

Evaporat- 

ing 

1 Temp. ^F. 

1 

744 1 

Condensing Gauge Pressure 
785 1 839 1 895 | 954 | 

1016 1 

1028 

60 

Saturated Coi 
; 65 1 70 

idensing ' 

75 

Pemperature ®F. 

80 1 85 

’ 86 

131 

-40 

2.430 

2.550 

2.700 

2.880 


3.540 

m 

147 

-35 

2.425 

2.547 

2.690 

2.875 

WKvM 

3.530 


163 

-30 

; 2.420 

2.540 

2.687 

2.867 

3.110 

3.520 

mm 

181 

-25 

2.418 

2.538 

2.682 

2.863 

3.108 

3.510 

3.640 

200 

-20 

2.410 

2.530 

2.676 

2.855 

3.100 

3.500 

3.625 

221 

-15 

2.405 

2.523 

2.670 

2.850 

3.090 

3.490 

3.613 

243 

-10 

2.405 

2.523 

2.670 

2.850 

3.090 

3.490 

3.613 

266 

- 5 

2.400 

2.520 

2.665 

2.842 

3.085 

3.480 

3.610 

291 

0 

2.398 

2.516 

2.660 

2.838 

3.078 

3.475 1 

3.600 

^ ^ ^ A 

317 

5 

2.405 

2.523 

2.670 

2.850 

3.090 

3.490 


345 


2.405 

2.523 

2.670 

2.850 

3.090 

3.490 

mnwm 

375 

15 

2.410 

2.527 

2.673 

2.851 

3.092 

3.492 

wxjixa 

407 

20 

2.418 ' 

2.538 

2.682 

2.863 

3.108 

3.510 

3.64U 

435 

25 

2.425 

2.547 

2.690 

2.875 

3.120 

3.530 

3.660 

A A AAA 

476 

30 

2.430 

2.550 

2.700 

2.880 

3.130 

3.540 

3.670 

A MAM 

514 

35 

2.447 

2.570 

2.720 

2.903 

3.158 

3.574 

3.707 

553 

40 

2.465 

2.588 

2.742 

2.930 

3.186 


3.748 


Tahi.f, Si- 


Gauge 
Pressure 
LIjs. per 
Sq. In- 


131 

147 

163 

181 

200 

221 

243 

266 

291 

317 

345 

376 

407 

435 

476 

514 

553 


Theoretical Displacements of Carbon Dioxide Compressors 
Cu. In. Per Min. Per Ton of Refrigeration 
Dry Compression With No Liquid Subcoolinc. 


Saturated 

Evaporat- 

ing 

Temp-^F. 


-40 
-35 
-30 
-25 
-20 
-15 
-10 
- 5 
0 
5 
10 
15 
20 
25 
30 
36 
40 


744 


60 


2565 

2323 

2104 

1914 

1737 

1567 

1443 

1320 

1203 

1106 

1012 

931 

956 

788 

723 

667 

616 


CondeoBing Gauge Pressure 
785 I 839 I 895 | 954 | 1016 

Saturated Condensing Temperature ®F. 


1028 


65 


2692 

2440 

2210 

2010 

1824 

1645 

1513 

1385 

1263 

1162 

1063 

976 

898 

827 

759 

701 

646 


70 


2850 

2577 

2335 

2122 

1930 

1740 

1602 

14fr4 

1335 

1228 

1124 

1033 

950 

874 

803 

741 

685 


75 


80 


85 


86 


3040 

2755 

2492 

2265 

2057 

1857 

1710 

1563 

1423 

1312 

1199 

1102 

1014 

934 

856 

791 

732 


3303 

2990 

2704 

2458 

2235 

2013 

1855 

1695 

1543 

1422 

1301 

1195 

1100 

1013 

931 

861 

794 


3735 

3380 

3060 

2776 

2522 

2275 

2093 

1912 

1743 

1605 

1301 

1348 

1243 

1146 

1053 

974 

902 


3873 

3506 

3170 

2880 

2610 

2355 

2170 

1985 

1806 

1660 

1520 

1396 

1288 

1188 

1092 

1010 

935 
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QUESTIONS ON CHAPTER VI. 

1. What are some t»f the advantages of the horizontal double-acting 
ammonia compressor? 

2. Name some ot the advantages of the vertical single-acting am- 
monia compressor. 

3. Describe the important characteristics *if the atmospheric type 
ammonia condenser. 

4. Name some of the advantages <if the shell-ancl-luhe type of con- 
denser. 

5. What are some of the features of the double-pipe ammonia con- 
denser? 

6. What is the refrigerating capacity of a 15-in. diam. by 15-in. 
stroke horizontal double-acting ammonia compressor operating at 225 
r.p.m. between 15 lbs. gauge suction pressure and 200 lbs. gauge con- 
denser i)ressure when the volumetric efficiency is 67 per cent? 

7. What is the refrigerating capacity of an 18-in. diam. by .10-in. 
stroke horizontal double-acting ammonia compressor operating at 70 
r.p.m. between 20 lbs. gauge suction pressure and 185 lbs. gauge con- 
denser pressure when the volumetric efficiency is 85 per cent? 

8. What is the indicated h(»rsepovvcr of the compressor described 
in Problem 7? 

9. What factors determine the horsepower and the refrigerating 
capacity of an ammonia comi)ressor of a given size? 

10. The refrigerating capacity of a small cold storage room is 5 tons 
per day of 24 hours. What displacement would be necessary in a small 
vertical single-acting ammonia compressor to produce the above re- 
frigeration in 8 hours operating between the pressures of 15 lbs. gauge 
suction pressure and 170 lbs. gauge condenser pressure when the vohi- 
metric efficiency is 65 per cent? 



CHAPTER VII. 


THE ABSORPTION AND OTHER REFRIGERATION 

SYSTEMS. 


The Absorption Refrigeration System.— The absorption system is 
constructed principally in three different types at present. These are 
the tubular, double pipe, and atmospheric types. Formerly, a shell 
and coil type of machine was built. The tubular type of construction 
is shown by Fig. 47 of Chapter V. The double pipe type of machine 
is illustrated by Fig. 48 of Chapter V and Fig. 78 of this Chapter. The 
atmospheric construction is indicated by Fig. 49 of Chapter V. 

The type of construction to be used in any case depends upon the 
conditions in the plant. Thus the nature of the cooling water is a 
determining factor. If the cooling water is taken from wells, it may 
contain mineral matter which will deposit scale or sediment on the 
cooling surfaces. In this case, it is advisable to employ the atmos- 
pheric type of machine. Similarly, if the water .s ‘"ken from nvers 
akes or canals, it may contain mud, leaves, bits of wood, and other 
Suspended matter, and in this case it is desirable to use the atmos- 
pheric type of plant. But when the cooling water is free from foreign 
matter and scale-forming solids, the double pipe .nay be used efficient- 
ly Also, it is generally advantageous to use the atmospheric type 
when the initial temperature of the water is fairly high. 

Generators.-Generators are made in two types-the shell and cud, 
and the multi-tubular types. The shell and coil type consist of hori- 
rontal shells containing a continuously welded coil for the steam. Thu 
“,"e of construction is° hown by Figs. 79, 80. The 
cOTsists of a shell which contains a number of pipes in a 
position. These pipes are connected to a steam compartment 

end of the generator, as shown by Figs. 79, 

This is shown by Fig. 81. 
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Absorbers. — Absorbers are constructed generally in the tubular, 
double-pipe and atmospheric types. The tubular type consists of a 
horizontal shell with tube sheets at the end.s. Tubes placed on very 
close centers arc expanded into the heads. Heavy cast iron water 
heads are bolted to the tube heads, which arc designed in such a man- 
ner as to cause the water to make a number of passes through the 
tubes before leaving the absorber. This method distributes the cool- 
ing water evenly through each tube, giving it a high velocity, consc- 
ciucr.tly high heat transmission is <-btaincd. 



Fig. 78. — Vogt Double-Pipe Absorption Machine. 


The weak aqua ammonia and gas arc admittctl to the bottom of the 
shell, into a mixing device. 

The ^loublc-pipe absf)rber consists of 2-in. and 3-in. pipe, with 
stands, headers, valves, fittings, special gas and weak aqua ammonia 
injection fitting, and purging drum. The gas from the evaporator and 
the weak aqua ammonia are injected into the annular space of the coil 
at the bottom, where it is thoroughly mixed, passing through the va- 
rious pipes in a thin film, which is always in contact with the cooling 
water pipe surface, causing the gas to be quickly absorbed by the weak 
aqua ammonia. The strong solution overflows at the top of the coil 
into the strong aqua ammonia tank. The cooling water enters the 
inner pipe at the top and leaves at the bottom of the coil, in counter- 
current with the ammonia. 

The atmospheric absorber is made of 2-in. pipe, 20 ft. long and has 
stands, headers, valves, fittings, and special injector fitting. The op- 
eration is similar to the double pipe type, the gas and the weak aqua 
ammonia entering the bottom pipe, overflowing as a strong solution 
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t'rnni the ii>)» pipe inln ;i ''lionj; ;u]ua lank. 1 lie omiiing water i'' 
inbntf'l ibc nnter vnrliu'e '>1 llie pi]‘C, in counlcr-eurrcnt with 

ilic ammonia. 



Pig, 79_Vogt Generator. 


CAS ouftn 


$TII0MC IHlCV 


STCAH 

PlSTKteUfl"^ 

vvirnOtAWN 



Fig. 80.— Sectional View of Vogt Generator. 


Rectifiers.-Reclifier^ or deliydraters arc constructed in the double- 
pipe. atmospheric, and tubular types. .... . , . ? • ^nmionia 

The double-pipe rectifiers are made ol Ik:-’”- ' • 

pipe and are provided rv,.h all necessary fittings, valves, headers, 
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Fig. 81. — York Generator and Analyzer. 
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stands, and a drip trap. The combined gas and water vapors from the 
generator enter the annular space of the coil at the top, and leave it at 
the bottom, where it enters the drip trap, which separates the con- 
densed water vapor from the ammonia gas, and returns it to the gen- 
erator, while the anhydrous ammonia gas passes on to the ammonia 
condenser, or the drip may be drained oflf at intervals. The cooling 
w alcr is circulated in counter-current with the ammonia, entering the 
inner pipe of the coil at the bottom and leaving it at the top. 

The atmospheric rectifier is a rcrtical straight coil, provided with 
all the fittings, valves, headers, stands, cooling water distributing de- 
vices. and a drip trap. The gas travels in the same manner as in the 
double-pipe type, while the water is showered over the pipe on the 
outside. 

The tubular rectifier consists of a series of shells which contain 
tul)cs. These tubes extend between the heads. The cooling water or 
strong a(|ua ammonia from the absorber passes through the tubes in 
counter-current to the gases from the generator. The gases are outside 
of the tubes and inside of shell. This type of rectifier is shown by Fig. 
47 of Chapter V. 

Exchangers. — lixchangers are either of the double-pipe, shell-and- 
coil, or the tubular types. 

The counter-current double-pipe exchanger is a very efficient ex- 
changer, and is made of either 1^-in., 2-in. or 3-in. pipes, 20 ft. long. 
The coils arc arranged so that both the strong and weak aqua ammonia 
travel at a high velocity, thereby gaining a better heat transmission 
than could be obtained in any other type of exchanger. This causes 
the strong aqua ammonia to enter the generator at a temperature very 

little lower than the temperature of the generator. 

The shell-and-coil type exchanger consists of a welded steel shell, 
with iron heads. The shell contains a series of spiral coils made of 
extra heavy 1^-in. pipe, through which the weak aqua ammonia is 
circulated the strong aqua ammonia passing through the shell. As the 
velocity of the ammonia is low, the heat transmission is not as good 
as can be expected in the double-pipe type. Thus, unless floor space 
is limited, the double-pipe type is used on account of its greater effi- 
ciency of heat transmission. _ 

The construction of the tubular exchanger is very similar to that 

of the tubular rectifier. 

Weak Aqua Coolers —This apparatus is constructed in the double- 
pipe. atmospheric, and tubular types. 

The double-pipe weak aqua cooler is made of 1^-in. and 2-in. pipe. 
20 ft long with stands, headers, valves, and fittings. The weak aqua 
ammonia from the exchanger enters the annular space at the bottom 
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of the coil, leaving at the top, while the cooling water enters the inner 
pipe at the top and passes through the coil in counter-current with the 
ammonia, causing the weak aqua ammonia to leave the coil at a tem- 
perature within a few degrees of the temperature of the cooling water. 

The atmospheric weak aqua cooler is a simple coil 2-in. pipe 20- ft. 
long, and has stands, headers, valves, fittings, and water distributing 
devices. The operation is similar to the double-pipe type, the weak 
aqua ammonia entering the bottom pipe of the coil and leaving it at 
the top, while the water is distributed over the outer surface of the 
pipe, in counter-current with the flow of the ammonia. 

The construction of the tubular weak aqua cooler is identical with 
that of the tubular rectifier. 

Aqua Ammonia Pump. — Aqua ammonia pumps are of the direct 
acting piston type. They may be either steam or belt driven. 

An extra deep stuffing-box is provided on the ammonia end of the 
pump, with a lantern gland, from which a connection is made to the 
suction side of the cylinder, causing any leakage from the cylinder 
through the first part of the stuffing-box to be carried back into the 
suction side of the cylinder, thereby allowing the pump to operate 
without leakage or drip from the stuffing-box. 

The piston rods are made of steel in two sections, thereby alh)w- 
ing the ammonia piston rod to be easily replaced, without interfering 
with or removing the steam portion of the rod, the rods being con- 
nected by means of a forged steel coupling. 

The belt driven aqua pump has a shaft, belt-wheel, and necessary 
gears for speed reduction, instead of the steam cylinder. 

Fig. 82 shows the general arrangement of the Yorl< double-pipe 
absorption refrigerating machine. 

Fig. 83 shows the arrangement of the Vogt shcll-and-tube absorp- 
tion machine. 

The Intermittent Absorption Machine.— The intermittent or alter- 
nating absorption machine is sometimes constructed in small sizes. 
This machine usually has no working parts and depends upon the ap- 
plication of heat to produce the necessary distillation. The still or 
generator is used alternately as a generator and absorber. 

When operating as a generator, part of the ammonia is driven out 
by means of heat produced by either a gas flame or electric current. 
The heat is applied slowly and very little w-ater vapor is driven out 
with the ammonia gas. 

The ammonia gas is condensed and stored in a liquid receiver. The 
liquid ammonia is then automatically fed to the evaporating unit, and 
is evaporated into a vapor, producing the required refrigerating effect. 



<> - 



Fig. 82.— York Double*Pipe Absorption Machine. 
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Fig. 83. — Vogt Shell-and-Tube Absorption Machine. 
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After the ammonia has been partly boiled out of the solution in the 
generator, the source of heat is withdrawn, cooling water is admitted, 
and the generator now becomes an absorber, and is then ready to ab- 
sorb the vapor of ammonia produced by the evaporating unit. The 
re-absorption of the gas by the weak aqua in absorber changes it again 
to strong aqua, which is now ready to be reheated and re-distilled. 

Refrigeration is interrupted during the distilling process which 
usually requires two to three hours per day of twenty-four. The re- 
mainder of the time is devoted to active evaporation of the liquid am- 
monia in the refrigerating unit. The alternations may be controlled 
by automatic devices. 



Pig, 84.— Diagrammatic Sketch of Swedish System. 


Electrolux Refrigerator.-Tiie commonly known type of ammonia 
absorption refrigerating machine requires a reduction of 
tween the condenser and the evaporator, and an increase 
between the absorber and generator. In the Electrolux ^^["Serat J 
system the equivalent to decreased and increased pressures is obtained 
r^f‘thTiLodl.inn of a gas such as hydrogen. The prese.Ke o h.s 
gas produces virtually a drop m vapor pressure of the ^efrigerat mg 
lllni due to the fact that as the gases mix. the partial Vressur.oHhe 
rffrigerating agent falls, thereby making it possible for the refngerat 
ing ient to evaporate at a low pressure and temperature. 
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A diagrammatic sketch of this refrigerating system is shown in 
Fig. 84, which shows that the apparatus is composed of three principal 
parts, namely, generator, evaporator, and absorber. The following 
numbers refer to the respective parts; 1, generator; 2, absorber; 3. 
evaporator; 4, condenser; 5, temperature exchanger; 6, heating medi- 



Pig. SS.^View Showing Simplicity of Construction. 


um ; 7, thermo-syphon ; 8, strong liquor inlet : 9, liquelier ; 10, cooling 
jacket ; H, weak liquor inlet ; 12, hydrogen inlet ; 13, mixed gas outlet ; 
14, discs in evaporator ; 1 5, discs in absorber. When the generator ( 1 ) 
is heated, the ammonia which has been previously dissolved in the 
water, is evaporated or distilled from the solution. This gas passes 
through the liquefier line and is condensed in the condenser (4). The 
liquefied ammonia flows from the condenser to the evaporator (3), 
where it is met by the hydrogen gas, which is continuously transmitted 
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frnm the absorber (2) by means of jiipe connections (12). The lique- 
fieil ammonia flows downward over a number of discs (14) in the 
evaporator, where it evai)orates, diffusing itself in the hydrogen. This 
evaporation and mixing goes on until the ammonia vapor has reached 
the partial pressure in the mixture of gases which corresponds to the 
existing conditions of temperature and pressure in the evaporator. 

This gas mixture consists partly of hydrogen and partly of am- 
monia, and has a higher specific gravity than that of hydrogen, and 
therefore sinks to the bottom of the evaporator (3). From the bottom 
of the evaporator, the gas mixture flows through pipe (13) to the ab- 
sovbcT (2) where it is met by a slu»wer of water practically free of 
ammonia, coming through pipe (11) and passing oyer discs (15) in 
the absorber. The water absorbs the ammonia allowing the hydrogen 
to return to the evaporator through connection (12). The strong am- 
monia liquor from the bottom of the absorber is led into the top of the 
generator through pipe (7. 8). which acts as a thermo-syphon, due to 
the application of heat. Pipe (5) is placed inside of pipe (11) m order 

to act as a heat exchanger. 

The assembled view of this apparatus is shown m Fig. 85, whan 
illustrates the simplicity of construction. 

Carbon Dioxide Compression System.— The carbon dioxide system 
is (|uite similar in general constructi<,n to that of the ammonia conv 
, session system. The principal difference of the design ” 

is due to the fact that the condenser pressure is quite high rang „ 
from 700 to 1,000 lbs. per sq. in. This high pressure necessitates the 

horizonta ‘ ^As^nrcviously indicated, the compressor cyl- 

.. .1. — i. 

lo the stuffii^box of the ammonia compressor. A 

lood packing must be used, and the packing must be well lubricated 

mid properly adjusted in order to withstand the high pressure^ 

' Fig. 87 shnws a Frick vertical twin cylinder carb.m dioxide .om 

pressor. 

r rKrvn ninxide Condensers.— The condensers used in the carbon 

are generaUy the donhie-pipe. the a.nios- 

pheric. and shell-and-tube types. 
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III genera! construction, the cloubic-pipe condenser is similar to that 
ot the ammonia compression system. The outer pipes are connected 
to the double-pipe fittings by means of flanged joints. The fittings for 
tlie condenser are generallv made of semi-steel and are extra heavy. 
A special form of packing, constructed of hard rubber or metal, is used 
to prevent leakage. The fittings may be eliminated also, by means of 
welding. 



Fig. 87.— Frick Vertical Single-Acting Compressor Carbon Dioxide Type. 


The atmospheric type condenser is generally made up from con- 
tinuously welded pipe with flanged fittings for connecting the ends ot 


the coils. 

Shell-and-tube carbon dioxide condensers are 
multi-pass type. 


usually of the closed 

0 
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Valves and Fittings. — \ alves and litlings fur ihc carbun dioxide 
compression system are usually made of semi-steel and are extra 
heavy. The smaller valves and flanges are sometimes made from steel 
forgings. All valves and fittings are provided with companion flanges, 
and all pipe connections are made by means of flanged unions. Screwed 
couplings and screwed fittings are not used in the system at all. The 
flanged joints are maintained tight by means of suitable gaskets. 

Application of the Carbon Dioxide System. — In general, the carbon 
dioxide system of refrigeration may be used for any of the industrial 
applications of refrigeration. Some of the relative advantages and dis- 
advantages of the use of carbon dioxide were mentioned in Chapter 111. 

The carbon dioxide system is particularly well adapted to the pro- 
duction of extremely low temperatures. This is due to the fact that 
as low a temperature as —110® F. may be obtained by reducing the 
suction pressure to that of the atmosphere. The advantage of keeping 
the suction pressure above the atmosphere is obvious. Carbon dioxide 
as a refrigerant has the further advantage of being fairly low in cost. 
It is well adapted for use in hotels, on board ship, and other places 
where the possible escape of the refrigerant might be dangerous to 
human life. 

Solid Carbon Dioxide. — A recent letter circular issued by the Bu- 
reau of Standards of the U. S. Department of Commerce contains data 
on solid carbon dioxide giving density, temperature, vapor pressure, 
latent heat of sublimation, latent heat of fusion, specific heats low 
temperatures, and uses. 

Solid carbon dioxide compressed into cakes is being manufactured 
for use as a refrigerant and sold under several trade names, such as 
"Dry Ice," "Carbonice,” etc. These cakes of compressed solid carbon 
dioxide closely resemble packed snow in appearance and have a tem- 
perature of —109® F, (—78.5® C.) or lower. Carbon dioxide at room 
temperatures and atmospheric pressure is a colorless, odorless gas. It 
occurs in the atmosphere to the extent of about 0.03 per cent by weight, 
is a product of combustion and respiration, and a by-product of fer- 
mentation and of many chemical processes. It can exist as a solid at 
atmospheric pressure only because of its very low temperature. The 
cakes are made by compressing in a mold carbon dioxide snow pro- 
duced by expanding liquid carbon dioxide at a low temperature from 
a high pressure to atmospheric pressure. In the expansion, part of the 
liquid is changed to a solid in the form of snow ; the rest becomes a 
gas which is returned to the compressor for recompression and the 
making of more snow. 

Carbon dioxide is different from water and most other substances 
in that it cannot exist as a liquid at atmospheric pressure (14.7 lbs. per 
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sf|. in.).' (.)nly when the pressure is equal to or greater than 75.1 lbs. 
])er sq. in. (5.1 normal atmospheres) and its temperature —70® F. 
(—56.6° C.) or higher (the “triple point” pressure and temperature) 
can carbon dioxide exist as a liquid. Hence instead of melting to a 
liquid as ice does, solid carbon dioxide sublimes, that is, it passes di- 
rectly from the solid to the gaseous state. This is one of the great 
advantages of solid carbon dioxide when used as a refrigerant. It does 
not wet spaces, packages, and materials refrigerated with it, and all 
the inconveniences due to the water from melting ice are avoided. 


Density. — The density of the commercial product depends upon the 
pre.ssure> apj)lied in compressing the loose solid into cakes, and pi s- 
sihly on the manner of compressing it. A sample tested at the Bureau 
of Standards weighed 79 Ihs. per cu. ft. or 1.27 grams per cc., which 
may be compared with 57 lbs. per cu. ft. or 0.92 gram per cc. for or- 
dinary ice. Crystalline carbon dioxide made l)y freezing liquid carbon 
dioxide w'eighs about 96 lbs. per cu. ft., or 1.53 grams per cc., (Inter- 
national Critical Tables, Vol. I, p, 112 and Vol. Ill, p. 43). 

* 

Temperature. — The temperature of solid carbon dioxide surrounded 
by pure, gaseous carbon dioxide at a pressure of one normal atmos- 
phere is —109° F. or —78° C. (International Critical Tables, Vol. III. 
p. 207). In contact with air, its temperature is lower because the par- 
tial pressure of carbon dioxide gas is less. In contact with quiescent 
dry air a temperature of — 114° F. has been observed and in air cur- 
rents even lower temperatures are observed. 


Vapor Pressure.— Pure solid carbon dioxide enclosed in a container 
in contact with its own vapor exerts a pressure, known as the vapor 
pressure, w'hich varies with the temperature of the solid. The follow- 
ing table, which is an unpublished correlation made at the Bureau of 
Standard’s of various data, shows the variation of the vapor pressure 

of carbon dioxide with temperature. 

The normal atmosphere is defined as a pressure exerted by a col- 
umn of mercury 76 cm. high under standard conditions and is very 
closely equal to a pressure of 14.7 lbs. per sq. in. 


Latent Heat of Sublimation.— In passing from the solid to the 
gaseous state at atmospheric pressure carbon dioxide takes up 248 Btu. 
(.f heat energv per pound, or 13<S calories per gram (International 
Critical Tables. \'(>1. \'. p. 138). A Btu. (British thermal unit) is by 
definition the ([uantity of heat energy required to raise the temperature 

of one pound of water 1° 1*. 


pp, .5;«-37, June. 182», 


Ice and 
Vol. 7«. 
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Latent Heat of Fusion. — In passing from the solid to the liijuid 
state at its “triple point” (—70° F. or —56.6° C.) carbon dioxide lakes 
up 82 Btu. of heat energy per pound, or 45..^ calories per gram (Inter- 
national Critical Tables, Vol. V, p. 131). 


Table 55. — Variation ok Vapor Pressche ok Carbo.n Dio.mue 

WITH TeMPERATURF^ 


TcmperaUire 

Absolute Pressure 

Tcmperaiurr 

• F. 

Ibs./sq. In. 

Normal 

Atmospheres 

• C. 

- 69.8 

75.1 

5.11 

- 56.6 

75 

61.7 

4.20 

-59.4 

- 80 

50.8 

3.46 

-62.2 

—85 

41,6 

2.83 

65.0 

- 90 

33.9 

2.31 

- 67.8 

- 95 

27.5 

1.87 

-70.6 

-100 

22.2 

1.51 

-73.3 

-105 

17.8 

1.21 

- 76.1 

no 

14,2 

0,97 

-78.9 

-120 

8.9 

0.61 

-84.4 

-130 

5.4 

0.37 

-90,0 

-NO 

3.2 

0.22 

-95.6 


Specific Heats of Solid and Gaseous Carbon Dioxide at Low Tem- 
peratures. — The specific heat of solid carbon dioxide at —109° F. 
(_ 7 g. 5 o C.) is 0.31 Btu. per lb. per ° F. or caloric per gram per ° C. : 
that is, in order to raise or lower the tenijjerature of one (lound of solid 
carbon dioxide 1° F. at —109° F., 0.31 Btu. of heat energy has to be 
added to or taken from the solid, accordingly as its temperature is to 
be raised or lowered (International Critical Tables, \'ol. V, p. 9.^). In 
the temperature interval between —109° F. (—78.5° C.) and -f-32° h, 
(0° C.) the mean specific heat of the vapor is about 0.19 Btu. per lb. 
per ° F. or calorie per gram per ° C. Therefore one pound of carbon 
dioxide vapor after subliming from the solid will absorb 0.19 Btu. for 
each degree rise in temperature between —109° F. and -1-32° F. (In- 
ternational Critical Tables, Vol. V, p. 80). 

Refrigerating Effect. — Besides the refrigerating effect due to the 
change of state, there is the additional refrigerating effect of 27 Btu. 
per lb. at 32° F. (15 calories per gram at 0° C.) equal to the amount of 
heat which the cold carbon dioxide vapor at —109° F. (—78.5° C.), 
after subliming from the solid, absorb.s in being warmeil to 32° h'. (0° 
C.). Hence one poun<l of carbon dioxi<le absorbs 275 Btu., or 1.5.1 
calories per gram, in changing from a solid at —109° F. (—78.5° C.) 
to a gas at 32° F. (0° C.). This is approximately etpial to twice the 
amount of heat. 144 Btu. per lb. «»r 79.6 calories per gram absorbed by 
ice on melting at 32° F. (0° C.) ; and, as this is often expressed, one 
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pound of solid carbon dioxide has approximately the same refrigerat- 
ing effect at 32° F. as two pounds of ice. 

Mixtures of ice and salt are used to produce temperatures below 
32° F. and to refrigerate spaces at temperatures below those obtainable 
with ice alone. The heat absorbed by a pound of a mixture of ice and 
salt when the ice melts and the salt dissolves — its refrigerating effect 
— is smaller than the heat absorbed by one pound of ice, inasmuch as 
a pound of the mixture contains less than a pound of ice, the salt af- 
fecting the result only to a comparatively small extent. Moreover, the 
latent heat of fusion of ice is smaller at lower temperatures than it is 
at 32° F., and some of the ice is melted in cooling the mixture of ice 
and salt to the reduced temperature. These effects lower somewhat 
the amount of refrigeration which can be obtained from ice when it is 
used with salt. Hence, the ratio of the refrigerating effect of solid 
carbon dioxide to that of ice used with salt is greater than the ratio 
of their refrigerating effects when ice is used alone. 

As solid carbon dioxide is ordinarily used as a refrigerant, the cold 
carbon dioxide gas as it sublimes from the solid displaces from the 
space to be refrigerated first the air and then the warm carbon dioxide 
gas. Gaseous carbon dioxide is a better heat insulator than air, the 
ratio of the heat conducted by carbon dioxide to that conducted by air 
under the same conditions at 32° F. being 0.6. The heat, however, 
that passes from a warm exterior into a refrigerated space depends, 
among other things, upon the insulating properties and upon the thick- 
ness of the separating walls as well as upon the thermal conductivity 
of the gas inside. The better the heat insulation of the separating 
walls, the relatively less important is the thermal conductivity of the 

gas inside. 

• 

Uses.— Solid carbon dioxide is used most extensively for refrig- 
erating ice cream and other frozen goods in transit It is also used for 
refrigerating shipments of other perishable commodities. In laborato- 
ries it is used to some extent for the production and maintenance ot 
low temperatures for testing and experimental work. 

Ethyl Chloride System.— Such low pressure refrigerants as ethyl 
chloride, methyl chloride, and others, are coming into use more and 
more for the production of refrigeration in small refrigerating plants 
such as those for residences, meat markets, grocery stores, ships, soda 

fountains, restaurants, etc. f Tn 

Ethyl chloride may be taken as an example of this type of plant, in 

this system, the pressures are quite low, the suction pressure vaiymg 
from 15 to 25 in. of vacuum and the condensing pressure varying from 
6 to 12 lbs. per sq. in. gauge. In general, since the pressure of the re- 
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irij^tranl i> ([uilc ln\v. in order lo prcxliicc tlic desired refrigerating 
clleci, a eoiiiparaliv ely large volume of the vapor must l)e taken from 
ilie evaporator. 

Centrifugal Refrigeration System. — The Carrier system of centrif- 
ugal refrigeration, which was the first of this type, operate.s on the 
compression system principle, using a multi-stage centrifugal com- 
pressor for comjiressing a special low-pressure refrigerant. Some of 
ihe properties of variou.s refrigerants used hv Carrier are given in 
Tahle 5f). 



Fig. 89.— Carrier Centrifugal Compressor. 


Fig. SR shows the general arrangement of the Carrier centrifugal 
system (1927). Fig 89 is a view of a standard centrifugal comiiressor 
with the top half of the horizontally split shell removed. 

Icc and Refrigeration for July, 1930. gi^ es the following description 
of Carrier centrifugal systems installed at the Chicago Stadium: 

In the Chicago Stadium two complete Carrier centrifugal refrigera- 
tion units comprise the present refrigerating equipment. Fach of the 
two machines has a normal rating of 1-K) tons when cooling {Calcium; 
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brine to 14® 1'. Each is driven by individual 175-hp. Terry steam tur- 
bines operating at 115 lbs. pressure and 5 lbs. back pressure. These 
two units are installed in a secluded space— approximately 28 ft. x 15 
ft. in the basement — occupying a total floor area of only 420 sq. ft. 

Three major pieces of equipment operating as a compact unit com- 
prise the centrifugal refrigeration machines. These are the evai^orator 
or cooling unit, the centrifugal compressor, and the condenser. 



Fig. 90.— 100-Ton Carrier Refrigeration Unit— Compressor End. 


1-ig. 90 shows a standard Carrier 100-ton gear-driven unit. The 
compressor is a simple multi-stage centrifugal unit and operates not 
at high pressures but at pressures below atmospheric. There is no 
sliding friction or gear compression — the only contact of moving parts 
being at the main shaft bearings. These are ring oiled and practically 
frictionless, requiring no attention whatever for indefinite periods. 

The characteristics of the compressor arc such that it cannot build 
up dangerously high pressures— even if its outlet is entirely closed, 
since the maximum pressure it can develop depends upon the rotative 
speed alone, and this is such that the closed outlet pressure would be 
but a few pounds gauge. The compressor operates at speeds in the 
neighborhood of 3,600 r.p.m. It may be driven by a directly connected 
squirrel-cage a.c. motor which has been developed for this purpose or, 
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ii may I>c driven tlirou^di gears by motors of lower speed; or, it may 
be flri\cn bv most anv form of directly connected steam turbines. 

The cooling of brine or water is accomplished within a shell and 
tube compartment. The liquid to be cooled is circulated through brass 
or bronze tubes. The liquid refrigerant is sprayed, or rather allowed 
to flow over the tubes within the shell and caused to evaporate under 
condition of twenty-five to twenty-eight inches of vacuum created on 
the intake side of the compressor. 

Condensation of the refrigerant vapor is produced within the shell 
and tube condenser upon which the compressor rests as a base. ' 


I Ain.K 56.— StANnARD Ton Data on Various Refrigerants Used by Carrief 


n^frix^ranl 


Subject 


AbHolulc Prewurc. lb. /in.’ 

Prcwurc. Ih./in.^ 

Volumc-Liquiil. 

Vo!umc-Vnpor, ft. ’/lb 


Dciwlty-Liquid. Ib./ft.’ 

DonRity^Vapor, Ib./ft.’ 

Hciil-Liquid. Btu. Jb. above O^F . . . . 

Meat-Intent. Btu./lb 

Mcdl^Vnpor, Btu./lb 


» • • ^ 


Knt ropy -Liquid, Btu./lb. *F. . .. 
Entropy-Evaporation. Btu./lb. ^F... 
Entropy-Vapor, Blu./lb. 


Specific heal of the liquid . . . 
Specific heat of the vapor Cp 
Specific heat of the vapor Cv. 
Balio Cp/Cf 


Specific frravity-llquid (water ■!)... . 
Specific gravit y-vapor (air * 1) — 


Critical Preoeure, Ib./in.’ (aba.) 
Critical Temperature. 


Molecular Weight 


Melting Point, (1 atm.) ®F 
Boiling Point, (1 atm.) . 


Dirliiic 

C2II2C12 


5®F 


.82 

-13.88 

.0127 

63 

79 

.01$9 

1.3$ 

136 

137.35 

.0029 

.293 

.2959 


86®F 


6.9 

-7.B 


ft.S 


.118 

23.2 
133 

156.2 

.0425 

.2435 

.286 


.27 

.1625 

.142$ 

1.14 

1.27 

3.36 

• 800#/in.’ 

• 470®F 

96.9 

-70®F 

122®F 


Trirline 

C2I1C13 


5^F 


.16 
-14.54 
.0109 
240 

91.6 

.00416 

1.17 
112. S 
113.67 

.00252 

.242 

.2445 




1.72 
-12.98 


25.2 


.0397 

20.1 

109. 5 

129.6 

.0368 

.201 

,2378 


.233 

.12 

,105 

1.14 

1.47 

4.5$ 


131.35 

-TO^F 

187^F 


Carrene 

CH2C12 


S’F 


1.29 
-13.41 
012 
48. 3 

83 

.0207 

1.7 
149 

150.7 

.0037 

.32 

.3237 


fi6®F 


10.3 

-4.4 

’6!8’ 


.147 

29.2 
146 

175.2 

.0535 

.267 

.3205 


.34 

.154 

.131 

1.18 

1.33 

3.00 

• 1490 

• 380 

84.9 


105. 


^Sieline (Stable isomers of Dichlorocihylenc) 

Cwene i7a wa\^cr^h?t©^^^ at nomal at moaohcric conditions. It has a slightly 
sweetish odor similar to didioe, and ia non combustible. 


The characteristics of the refrigerant are such that condenser water 
at 90° F. will produce condensation at an absolute pressure of about 
9 lbs This means that under extreme conditions, a pressure differen- 
tial of approximately 7 lbs. exists between the intake and discharge 
side of the compressor. The ordinary pressure difference is usuallj 

less than 5 lbs. 
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From the condenser, the liquid refrigerant returns to the evaporator 
or cooler under its own head. This completes the very simple cycle. 
These simple operations are accomplished within a compact closed 
system and without the use of any valves in the refrigerant cycle. 

The refrigerant used is “Carrene,” a non-combustible, stable, water- 
white liquid at all normal atmospheric conditions, and may be handled 
freely in open containers as safely as water. The density of the vapor 
is 3^ times as great as that of air. The fact that the entire system 
operates under conditions of vacuum relative to the atmospliere, pre- 
cludes possibilities of outward leaks ; that is, the entire refrigeration 
cycle is completed under a vacuum. However, if any circumstances 
should cause the refrigerant to be liberated from the machine, it.s low 
diffusion characteristics are such that no hazards whatever would l)e 
offered to the public. 

Referring to the diagrammatic sketch in Fig. 88 — the complete 
cycle of refrigeration can be explained briefly as follows: The refrig- 
erant (Dielene or Carrene, as the case may be) in a liquid state is con- 
tained in a reservoir at the bottom of the cooler (a). It is pumped by 
the liquid pump to a distributing pan directly over the tubes in the 
cooler (A). Here the liquid is allowed to shower down over the 
bronze tubes through which either brine (as in the Chicago Stadium 
for ice freezing) or water is circulated. This employs the very efficient 
flash-type cooling method. The difference in temperature between 
the medium within the tubes and the refrigerant causes it to vaporize 
and absorb latent heat at low temperature levels. The cooling effect 
is obtained by the free evaporation of the refrigerant liquid on the out- 
side surfaces of the tubes. The vapor thus formed is drawn into the 
compressor where it is compressed to a higher absolute pressure, but 
still below atmospheric pressure, and discharged into the condenser 
chamber (B), where it is recondensed. Cold city water, river water, 
or water cooled by a cooling tower, passes through the condenser 
tubes, and the vapors surrounding are condensed to a normal liquid 
state and returned through a trap, hence back to the liquid chamber. 

The characteristics of a centrifugal refrigeration system make it 
adaptable to automatic regulation of the cold water or brine tempera- 
tures regardless of the load. The general method of doing this is by 
controlling the flow of cooling water to the condenser. This is effected 
directly by thermostatic control. This means that the consumption 
of condenser water is always governed by the amount of refrigeration 
load, thus insuring the economical use of condenser water, and this 
is quite a factor where city water is being used. In the Chicago 
Stadium the maximum condenser water requirements are about 2 
g.p.m per ton of refrigeration. Further regulation may be had by 
variable speed on the compressor, which reduces power required at 
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(he reduced load. Such a requirement exists at Madison Square (jar- 
den. where during certain seasons, the machines are used to freeze 
ice, while at other times, the requirements are for cooling water to 
approximately 40'^ !•'. in conjunction with the air-conditioning system. 
It is claimed that the control is sufficiently accurate to permit the 
cooling of water to 35” 1'. without the danger of freezing. It is safe 
to guarantee a temperature lUictuation not to exceed 3” F. in the cool- 
ing chamber. 


Reciprocating Pumps. — Pumps are used in refrigerating plants for 
pum])ing brine and water. The direct-acting pump is steam actuated 
and lias no Ilywhecl. This type of pump has few working parts, and 
is quite reliable and jiractical. It is built in the simplex and duplex 


types. 

The simplex type has one steam cylinder and one brine or water 
cylinder. The steam valve, which is an ordinary slide valve, is actu- 
ated by various methods. In some types of pumps, the reversal o 
the stroke of the pisKin is obtained through linkage which is con- 
nected to the piston rods, while in the other cases the piston is re- 
versed hv means of small lappet valves which are placed at the ends 
of the cylinder. This type of jHimp, of course, is used in the smaller 

sizes only. , 

The duplex type of pump consists of two steam cylinders and two 

brine or water cylinders, which are placed side by side. The piston 

rod of one side controls the movement of the piston rod on the op- 


posite side. . , 

The brine and water ends may have different con.struction, such as 

the packed piston type, the center outside packed piston, and the oiU- 

''’"’VhrcentrranVoiitside packed plungers have the advantages of 
easy detection of leakage and ready adjustment of packing to suit the 

'‘^"poweTpumps generally consist of three vertical single-acting water 
or brine plungers, which are driven by means of cranks and connecting 
rods. Power is usually supplied by an electric motor through a 
or silent chain, or it may be supplied by direct gearing. 

Power pumps and direct-acting pumps have been used extensn ely 
in plants where brine or water has to be pumped considerable distance 

under fairly heavy pressure. . 

Steam pumps are quite uneconomical in the use of steam. Using 

from 120 to 150 lbs. per hp. per hr. , . , 

The volumetric efficiency of reciprocating pumps is the ratio ot 
the volume actually -delivered to the plunger or piston displacemen 
Due to leakage past the valves and piston or plunger of the reciprocat 
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ing jmnips, liic actual displacement is always greater than the (luantity 
of brine or water delivered. The volumetric efficiency of rcci])rocat- 
ing pumps in fair working condition may he assumed to he X5 to % 
per cent. The rating given in manufacturers’ catalogues generally re- 
fers to the piston or plunger displacement, so that a deduction of 10 
to 15 per cent must be made to cover the uusal slip and leakage. The 
mechanical efficiency of power pumps may be assumed to be 7.^ per 
cent, depending upon size of pumj), refinement of design, etc. 

Centrifugal Pumps. — In the centrifugal type of pump, the pressure 
is produced by the centrifugal force of water or brine which is set in 
motion in a closed casing by means of a hladc<l impeller. The cen- 
trifugal pump is particularly well adapted for direct connection to 
electric motors. It has few moving parts and no valves. 
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Fig. 91. — Sectional View of Westco Series of Single>Stage Pump. 


However, in laying out or operating a centrifugal ]iump itistalla- 
tion, it must be remembered that the efficiency of a pump depends upon 
such factors as the r.p.m., capacity and head. Centrifugal pumps arc 
rated at their maximum efficiency at a given speed; thus, it is e\idenl 
that these same conditions must be brought about in the ])iant in order 
to operate according to the manufacturers’ specifications. 

Figs. 91 and 92 show the construction used in the Westco turbine 
pumps. 

In refrigeration plants, the centrifugal pumps have almost ex- 
cluded the reciprocating pumps, except for very low capacities or high 
pressure. The mechanical efficiency is somewhat below that of the 
power pump and may be assumed to be 65 per cent, depending on the 
size of pump, the refinement of design, etc. 
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Power Required for Pumping. — The power required for pumping 
(.lepends principally upon the weight of the liquid pumped and the ver- 
tical height to which it is raised from the source of supply to the point 
of delivery. It is also apparent that power is required to overcome the 
friction losses in the pump and the pipe lines. The power lost in the 
pump is determined from the mechanical efficiency, while power lost 
through friction in the lines must be estimated in some manner. 

The work required to pump a fluid from one elevation to another 
is equal to the product of the weight in pounds and the height in feet. 
This product gives the number of foot pounds which are required, 
without allowance for losses. The horsepower may be determined by 
dividing the total number of foot pounds per minute by 33,000. This 
may be expressed in a formula as follows: 


1 Inrscpowcr — 


Wt. of Liquid per Min. in Lbs. X Height Pumped in Ft. 


33.000 


WX H 


hp. = 


33,000 

hp. = horsepower 

W = weight of liquid pumped per mm. in lbs. 

H = total head or height in feet 

The foregoing horsepower is the theoretical amount of power re- 
quired for raising a fluid from one elevation to another. This must 
lie increased in proportion to the mechanical efficiency of the pump 
in order to determine the brake horsepower of the 
ance must be made for the friction of the flow of the hquid in the pipe 
lines The friction in the pipe lines may be taken to be the equivalent 
of additional elevation. In this case, the above formula may be written 

as follows : 


hp. 
where H 


WXH 




totaUicad^n feet, including the loss due to friction 
mechanical efficiency of the pump. 


There are other losses in the pump, but these are only a small per- 

‘■“it^fs ‘interesanl’ at this point, to observe how pressure may be 
changed into equivalent head or height of liquid. It is^ evi en 
column of water will always produce a certain intensity of P^^sure 
"s base. This intensity of pressure may be found by dtvjdmg 
the total pressure on the base by the area in square tnehes. Thus n 
coiln of water is f ft. high and has a b.ase of 1 sq. ft. the P- su 
would be found by dividing the weight of the column, 
foot, l>y the area of the base, which is 144 sq. in. , or 6-.5 . 
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ll)S. pressure per sq. in. Thus, in any column of water of any height, 
each foot of head produces a pressure of 0.433 Ihs. per sq. in. 

In a similar manner, the pressure produced by brine may be de- 
termined. Since brine is heavier than water in direct proportion to 
the specific gracity, the pressure produced by each foot of head of 
brine would be equal to 0.433 X spec. grav. The above may be ex- 
pressed in a formula as follows : 

p = 0.433 X h 
pi — 0.433 X h X spec. grav. 
vvhere p = intensity of pressure due to water 
pi = intensity of pressure due to brine or 
other liquid heavier than water 
h ^ height or static head 
spec, gravity. — specific gravity 

Example 1.— It is desired to determine the brake horsepower of a 
pump to deliver 500 gal. of water per minute against the total head of 



Fig. 92.— Hydraulic Balanced Multivane Impeller. 


100 ft., when the mechanical efficiency of the centrifugal pump is 65 
per cent. Here, the total water elevated per min. is equal to 500 X 8.33, 
since the weight of a gallon of water is 8.33 lbs. The horsepower is 
as follows ; 


(500X8.33) X 100 
hp. = ■ •- 

, 33,000 X 0.65 

hp. =* 19.4 

Example 2. — It is desired to determine the horsepower required for 
a centrifugal pump which delivers 200 gal. of brine per min. against 
a pressure of 50 lbs., when the specific gravity of the brine is 1.2 and 
the mechanical efficiency of the centrifugal pump is 65 per cent. The 
weight of brine per min., W, would be equal to 200 X 8.33 X 1-2 = 
2,000 lbs. In this case, the head may be found as follows : 

50 = 0.433XhXl-2 
50 

h = = 96.1 


0.433 XU 
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From this, the horsepower may be calculated as follows: 

2.000 X 96.1 

hp. = 

33.000 X 0.65 
lip. = 8.95 

Condenser Cooling Water Equipment. — One of the most impor- 
tant factors in the mechanical operatitm of refrigeration plants is the 
method of cooling the condenser water. The condenser water may 



pjg_ 93.— Spray Cooling System. 


son‘“in" merum U is 

iriimited or is obtainable only at a fairly high cost. . .s ev.den . 
however, that each particular plant is an ‘"d'vldnal problem in .ts^ lb 
There are several methods of re-cooling the eon enser w ’ e 
as a large natural pond, a forced draft cooling tower, a natural draft 
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cooling tower, or a spray pond. In all of these methods of cooling the 
condenser water, the cooling is effected by heat flowing from the water 
to the air, thereby heating the air, and by e\aporation of some of tlic 
water that is circulated. 

In cooling towers and ponds, the water is divided into fine drops, 
and each of these drops is surrounded by moving currents of air. The 
air, in coming in contact with the fine drops of water, becomes heated 
and thereby cools the water, and also some of the water evaporates 
due to the absorption of heat, which thereby cools the total amttunl 
of the water a few degrees. On account of lack of space and water 
in the ordinary refrigeration plant, cooling ponds are seldom used. 
This method of cooling the water also has other disadvantages. 
present cooling towers and spray ponds arc used principally. 

Spray Ponds.— One of the most efficient methods of cooling con- 
denser water is that of spraying the heated water into the air above a 
suitable pond. This is accomplished by forcing the water through 
especially designed nozzles at a pressure of 5 to 10 lbs. for the purpose 
of breaking the water up into fine drops or spray. For comparatively 
short temperature ranges, the spray system provides a suitable means 
for cooling the condenser water. The small drops of water, upon fall- 
ing through the air, become cooled, as previously indicated, so tha^ • 
the same water may be used over and over again. The amount of 
evaporation in general will amount to 1 to 2 per cent of the total 
amount circulated, and represents the amount that must be supplied 
from an- outside source. 

The general arrangement of a spray pond is shown by Fig. 93. This 
diagram shows the typical layout for a spray system which has fifty 
l^j-in. nozzles operating at a pressure of 7 lbs. gauge. The capacity 
of this system is approximately 1,000 gal. of water per minute. 

Fig. 94', by the Cooling Tower Co., Inc., gives the general perform- 
ance of spray cooling ponds when properly designed and installed. 

The spray nozzles may be grouped upon roofs or above ponds on 
the ground. Generally, spray nozzles of the sizes known as \yi-\n. 
and 2-in. are used. The nozzle openings in these sizes vary from ^-in. 
to ^-in. These nozzles are generally arranged in groups of five, which 
arc located 10 to 12 ft. apart. The water may be collected in a shallow 
pond of a depth of one to two feet, or may be collected upon a roof. 
When these ponds are installed on a roof, it is generally advisable to 
surround them with louvers for the purpose of preventing the wind 
from blowing too much of the water off the roof. The principal ad- 
vantages of this method of cooling con,denser water are the low initial 
cost and the low operating cost. 
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Fig. 94. — Cooling Curve for Condensing Service 
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The principal cosl of the system is that of the piping and the 
nozzles, and since the operating pressures are quite low the horse- 
jjower required for pumping the water is not excessive. The spray 
system will coni the condenser water hack to within 3 to 5 degrees of 
the wet bulh temperature. In general, the efficiency of the cooling 
will vary from 50 to 70 per cent. The efficiency, of course, depends 
upon the hunii<litv of the air, the velocity of the air around the groups 
of sjirav" nozz.le;', the fineness of the drops of water, etc. 


Cooling Towers.— When there is nut very much space available fiT 
cooling water eciuipment, the cooling tower may he used to an advan- 
luge. 'I'hc cooling lower, as the name Indicates, is nothing more than 
a tower which is generally tilled with wooden or tile checker-work, or 
galvanized steel wire, etc., for the purpose of breaking the water up 
into fine drops and for retarding the falling of the water from the top 
of the tower to the bottom. The water, in passing down through the 
checker-work of the inside, presents a very large cooling surface to 
the rising currents of air. The water is cooled in the manner as pre- 
viouslv indicated; that is, by heating the air and by evaporation o 
part .,f the water. The efficiency the cooling will «ry rom 50 to 
70 per cent as a general average. The water m general will be coole I 
10° to 15° F., or will he cooled to within a few degrees of the vset 

‘"’tIk ‘ dris circulated through cooling towers either by means of 
the natural chimney action of the tower, or by the use o fans. 1 ne 

niade by Cooling Tower Co.. Inc. 

The curves in Fig. 96 give the perfurmance of the tower under \ano 

“’"ordinarily, two sq. ft. of active horizontal deck area is recotn- 
mended per ion of refrigeration. 

Evaporative Condensers.-The installation of air 
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to circulate air through it. In operation the water is cooled on the 
surface of the condenser at the same time the refrigerant is being 
condensed. In the winter lime a number of these condensers are 
operated on air circulation alone and there is no danger of freezing 
up the water portion of the apparatus. 



Fig. 96.— Chart Showing Performance of Tower Under Various Conditions. 


If desired, evaporative condensers can be placed inside buildings 
v.ilh the air discharge arranged to be carried outside. The water 
evaporated in the coeding process is replenished through a float valve 
in the sump at the bottom of the evaporative cemdenser and the overall 
results obtained with the equipment have brought about many instal- 
lations, even where space was available for other types of cooling 
towers and condensers. Scale pn»blems can pose difficulties with 
evaporative condensers and the character of the cooling water shouhl 
be considered along with proposed installations of them. 

While the evaporative condenser retpiires a blower to circulate the 
air through it the motor on the water pump is much smaller than with 
a cooling tower. A cooling tower and conventional condenser will 
have about the same installed cost as an evapf)rative condenser of 
equal capacity. 
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QUESTIONS ON CHAPTER VII 

1. Describe briefly the three principal types of absorption refrigera- 
ting machines. t' s 

2. What factors determine the type of absorption machine to be 
used in any particular plant? 

3. What are the principal differences between construction of the 
ammonia and the carbon dioxide compression systems? 

4. Describe the principle of operation of the “Electrolux" refrigera- 
ting machine. 

Describe the use of solid carbon dioxide as a refrigerant. 

6. Gi\ c a brief description of the Carrier “Centrifugal" refrigerating 

system. » » 

7. Why is the centrifugal pump used more than the reciprocating 
inimp for pumping brine and water? 

5. Describe three methods of re-cooling refrigerant condenser 
water. 

9. When the atmospheric temperature is 90® F. (dry-bulb), how is 
a cooling tower or spray pond able to cool water to several degrees 
lower than 90®? 

10. What are some of the advantages of the evaporative condenser? 



CHAPTER VHl. 


HEAT TRANSMISSION IN INSULATION AND 

APPARATUS. 


General Consideration. — In ortler retard or lessen the flow oi 
heat from the exterior to the interior of refrigerated rooms, spaces, or 
substances, a material having pronounced resistance to the flow of 
heat is interposed between the regions of the different temperatures. 
Such materials are termed “non-conductors of heat,” since heat passes 
through them at a very slow rale. Thus, since it is obviously impos- 
sible to construct a wall so as to entirely prevent the inflow of heal, 
it is evident that the heat will flow continually from the warmer 
exterior regions through the insulated wall into the cooler interior 
regions. 

Therefore, suitable means must be provided for producing refriger- 
ation in the room or space of low temperature, to offset or remove the 
heat which is transmitted through the insulated wall. Furthermore, 
it is evident that the use of an insulaie<l wall will retard the outflow 
of heat from cooled rooms and spaces to the colder exterior during 
the periods of extremely low temperatures in the winter season. 

Hroadly speaking, the use of insulating materials is an economic 
consideration. There are great economic advantages of reducing to 
a minimum the loss of refrigeration through insulated walls; these 
arc the reduction of the operating cost and lowering of the initial cost 
of the refrigeration plant. If the w’alls are poorly insulated, the 
refrigeration required to offset the heat transmitted through the in- 
sulation is large; this increases the daily operating cost. Likewise, a 
larger refrigerating machine must be used; thus the initial cost of the 
refrigeration plant is greater. 

The problem of efficiently securing and maintaining low tempera- 
tures is a proposition of constructing a wall that will resist or retard 
the rapid inflow of heat. The importance of constructing a wall that 
is a non-conductor of heat will be more fully understood when it is 
realized that about three-quarters of the refrigeration load on a cold 
storage refrigerating plant is made up of heat which is transmitted 
through the insulation. 
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111 -rdcr lu rc.Iuce the transmission of heal to a niiniminn, thick 

u.ills of ordinary materials may he used, or thin walls with efficient 
insulation may he used. 

Heat Transmission.— Heat is transmitted from a region of higher 
temperature to a region of lower temperature by the natural and con- 
tinual tendency of heat toward temperature equilibrium. When tem- 
Iierature equilibrium exists, or when there is no temperature difference, 
there can be no transfer of heat. When there is a temperature differ- 
ence (he flow of heat is always toward the lower temperature level. 

1 he rate of heat transfer from one region to another depends upon 
the area ot the heat transmitting surface, the mean temperature differ- 
ence. and the unit heat transfer coefficient. This heat transfer co- 
efficient IS (he unit overall heat transfer rate, generally expressed in 
lUu. per hour per degree of mean temperature difference. The magni- 
tude of the heat transfer coefficient depends upon the heat that may 
be transmitted by radiation, convection, and conduction. 

'I'hc heat transfer coefficient, therefore, combines the three modes 
of heat transfer into a single quantity. The actual magnitude of the 
heat transfer coelhcicnt is determined in iiractice by calculation based 
upon theoretical analysis ;itid experimentation. 

The fundamental heat transfer law may be expressed in symbols 
as follows: 


H = K X A X t-i 

where H — total heat transfer in Btu. per hour 

K = heat transfer coefficient. Btu per hour, 
per deg. temp. diff. 

A = area of heat transmitting surfaces, in stj. ft, 

U™ mean temp. diff. 

In other words, the actual amount of heat transmitted in any case 
depends upon the product of the coefficient, area, and temperature 
difference. In the case of a cold storage room wall, where the lempera- 
lures arc constant, the heat transfer may be found as follows: 

' H=KXAX(t-t„) 

where t — temperature of outside warm air 
to = temperature of inside cold air. 

I^rom the foregoing it will be noted that, if the temperature and 
area of heat transmitting surface are known and are held constant, 
the heat transfer depends upon radiation, convection, and conduction. 

Conduction. Heat transfer by conduction is accomplished by 
means of molecular communication. Heat is carried through a ma- 
teritil by means of the vibrations of the molecules themselves. Fig 97 
shows graphically how this may be done. This figure shows a section 
of a material, the molecules of the material being represented by the 
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small circles. The molecule A at the warm surface vibrates in pn -por- 
tion to its temperature of 70° F. The molecule A strikes the molecule 
B, which in turn strikes molecule C, and so on, until the vibrations are 
transmitted through the insulation to the molecule E, which has a 
vibration corresponding to a heat intensity of 30° F. 

Due to molecular friction, adhesion, etc., it is evident that the 
vibration will become slower as the energy passes from one molecule 
to the other, so that the temperatures will be lower, as indicated by 
Fig. 97. Thus, heat may be carried through a metal pipe, a brick wall, 
wood, paper, or cork. An iron rod, held in a fire, will become heated 
at the opposite end due to conduction. In general, metals are good 
conductors of heat, while lighter materials are poor conductors. Thus, 
the efficiency of insulating materials may be roughly judged by noting 
their densities. 


70 



The amount of heat that will be transmitted through a given ma- 
terial due to a given temperature difference depends upon the charac- 
teristic internal thermal conductivity of the material. 

The conductivity of a material is then the rate of heat transmission 
through the material by the molecular vibration or, in short by con- 
duction, and every material has its own characteristic rate of con- 
duction The amount of heat that will be transmitted through a 
material having parallel surfaces depends upon the temperature differ- 
ence, kind, and thickness of material. The condition and relative 
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icmpcraturc of the material also affect the rate of conduction. In 
general, the heat transmitted by conduction may be found as follows: 

C 

H, _ (t, — t,) 

X 

where H = heal transmitted by conduction 

C == coefficient of internal conductivity in Btu. 
per sq. ft. per hr. per deg. temp, diffi. per 
m. of thickness of material 
ti — high (surface) temperature 
t_;=low (surface) temperature 
X — thickness of material in inches 

1 he internal thermal conductivities of various materials will vary 
willi their conditions, densities, etc. The internal conductivities of 
\ annus materials under testing laboratory conditions are given in 
1 able 57. 1 hesc arc based upon the results of experiments of the 
L lilted States Bureau of Standards and others. Column 3 gives 
the internal conductivities in Btu. per twenty-four hours, while column 
gues the conductivity in Btu. per hour. The approximate weight 
per cu. ft. is given by column 5. 

ihe heat transmitted through a 4-in. corkboard, having surface 
temperatures of 70” 1*. and F., may be considered. Here, ti = 70, 
~ 30, X = 4, and C (from Table 57) = 0.308. Thus, the heat 
transmitted ])y conduction is: 

0.308 

Hi ~ (70 — 30) = 3.08 Btu. per hour. 

4 

Radiation. — -Radiation is the transfer of heat due to the entire or 
partial transformation of the energy of light into the heat energy by 
impact upon the surface of a substance. It is in this way that heat 
is transmitted from the sun to the earth, from burning fuel or red-hot 
stoves to other objects. The amount of heat transferred by radiation 
(lejicnds upon the characters of the hot and cold surfaces, the tempera- 
ture differences, the relative absolute temperatures, the absorbing 
power of the cold surfaces, etc. 

Convection — Convection is the transfer of heat by displacement 
of movable media. Thus, heat may be transmitted in this manner by 
liquids and gases, since the heated medium moves and thus carries 
heat energy with it. The natural circulation of air in a cold storage 
room is an example of this mode of heat transfer. The heat transferred 
by this means depends upon the kind of fluids, temperature differences, 
velocity of fluids, character of surfaces, etc. 

Radiation and Convection.— From the foregoing, it is evident that 
many variables enter into the determination of heat transfer by radi- 
ation and convection. Therefore, reliable experimental information 
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Table 57.— Internal Thermal Conductivities ok Various Materials, 
Per So. Ft. Per In. Thick. Per Dec. T.D. 


Material 

Description 

Btu. per 
24 hours 

Btu. per 
hour 

Lb. per 
cu. ft. 

Air 

Air Cell* H inch. . 

Ideal air space 

.Asbestos paper and air 

4.2 

0.175 

0.08 

8.80 

spaces 

11.0 

0.45S 

Air Cell. 1 inch. . . 

.Asbestos paper and air 



8.80 


spaces - 

12.0 

O.SOO 

Aluminum 

.Cast 

24.000 

1000.000 

168.50 

Ammonia Vapor.. 

.32* F 

3.19 

0.133 

0.21 

Aqua Ammonia. . 

.64* F 

75.90 

3.160 

56.50 

Asbestos Mill Bd.. 

. Pressed asbestos — not very 




flexible. 

20.00 

0.830 

61,00 

Asbestos Paper . . . 

.Asbestos and organic bind 

« 


31.0 

er 

12. 

0.500 

Asbestos Wood. .. 

.Asbestos and cement. . . 

65.0 

3.700 

123.0 

Balsa Wood 

Very light and soft — across 




grain 

ft.4 

0-350 

75 

Boiler Scale 

. 305 

12.700 

♦ * 

Brass 


15,000 

625.000 

250. 

Brick 

Heavy 

120 

5.000 

131. 

Brick 

Light, dry 

84 

,3.500 

115. 

Brine 

Salt 

27.1 

1.130 

73.4 

Cabot's Quilt. . . . 

. Eel grass enclosed in bur« 



lap 

7.7 

0.32) 

16.0 

Calorax 

Fluffy finely divided min 

. 

• 



eral matter 

SJ 

0.221 

4.0 

CeUle 

Infusorial earth powder. 

7.4 

0.308 

10.6 

Cement 

Neat Portland, dry . . 

150.0 

6.250 

170. 

Charcoal 

Powdered 

10.0 

0.417 

11.8 

Charcoal. 

Flakes 

14.6 

0.613 

15.0 

Cinders. 

Anthracite, dry 

20.3 

0.845 

40.0 

Concrete 

125.0 

5.200 

136.0 

Concrete 

Of fine gravel 

109.0 

4.540 

124.0 

Concrete 

Of slag . 

50.0 

2.080 

94.5 

Concrete 

.Of granulated cork .... 

43. 

1.790 

7.5 

Copper 


50,000 

2083.000 

556.0 

Cork 

Granulated H*3/16incb. 

8.t 

0.337 

5.3 

Cork 

. Regranulate \/l6-H inch 

8.0 

0.333 

10.0 

Corkboard 

. No artificial binder^ow 




density 

6.7 

0.279 

6.9 

Corkboard. .. . . 

. No artiheial binder — high 




density 

7.4 

0.308 

11.3 

Cotton Wool. ... 

, . Loosely nacked 

7.0 

0.292 


Cypress 

. Across grain 

. 16.0 

0.666 

’29.0 

PiMrgUs 


5.76 

0.24 

3.0 

Fire Felt Roll. . . 

. . Asbestos sheet coated with 




cement. 

15.0 

0.62S 

43.0 

Fire Felt Sheet. . 

. . Soft, flexible asbestos sheet 14.0 

0.583 

26.0 

Flaalinum 

. . Felted vegetable fibers . . 

7.9 

0.329 

11.3 

Fullers Barth. . . 

. .Argillaceous powder. . . . 

. 17.0 

0.708 

33.0 

Glass 

124.0 

5.160 

150.0 

Glass 


178.0 

7.420 

185.0 

Granite 


. 600 

25.000 

166.0 

Granulated Cork. .About 3/16 inch 

7.5 

0.313 

8.1 

Gravel 

. Dry, coarse 

. 62.0 

2.S82 

115.0 

Gravel 

. .Dry, fine 

. 39.0 

1.630 

91,25 

Ground Cork. . . 

7.1 

0.294 

2.250 

0.246 

9.4 

Gypsum Plaster. 


54 0 

Hair Fell 


5.9 

17.0 

Hard Maple . . . . 

. . Across grain 

. 27.0 

1.12S 

44.0 

Ice 


408 

17.000 

0.583 

<T A. 

Infusorial Earth. 

..Natural blocks 

. 14.0 

43.0 

Insulex 

..Asbestos and plaster 


blocks— porous 

. 22.0 

0.916 

29.0 

InsuUtc 

. Pressed wool pulp— rigid 

7.1 

0.296 

11.9 

Iron 

. Cast 

. 7,740 

321.500 

450.0 

Iron 

. Wrought. 

11,600 

483.000 

485.0 

I^pok 

. Imp, vegetable fiber • 



loosely packed 

5.7 

0.238 

0.88 

Keystone Hair. . 

. . . Hair felt confined with * 

Limestone 

building paper 

. Close graio 

6.5 

368 

0.271 

15.300 

19.0 

185,0 

Limestone 

. Hard .... . 

214.0 

9.330 

159.0 
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Tabi-k 57. Intkrnal Therm.m. CoNDrcxiviTiES OF Various 
Materials Per Sq. Ft. Per In. Thick Per Deo, T.D. 

— (Concluded.) 



Lime'^tonc 
Linofflt . 

IJtliboard , , 

Maliosany 
Marble . . 

Marble 
Mineral Wool 
Mineral Wool 
Oak 

Paraffin . 

Pelroloum 

Pla'^tcr. 

Pl.Klcr 

Pla5ter 

Planer Shaving? 
Pulp nr)ard 
Piimicr 
Pure Wool . 

Pure Wool 

Pure Wool 

Pure Wool 
Redwood Bark 
Rock Cork . , , 

Rubber , . 
Rubber . . 

S.md. . , 

Sand . . 

S mdstrne . 
Siwdusl 
Siwdu^t, , . 
Shavings. . . 
Silicate Cotton. . 
vSlag Wail) . . 

Sn >won Ref. Coil i 
Tar Roofing .... 
Vacuum , 

Virginia Pine , . . 

Water 

White Pine 
Wool Fell . . 


Soft 

Vegetable fiber confine^ 
with paper ... 

Mineral wool and vegeta 
b?e fibers 
Across grain . 

Hard . 

S ft . 

Medium Packed 
Felled in blocks. 

Across grain . 

‘•Parowax," melting point 
52® C. . 

55® F. ... 

Ordinary mixed . . , 

Board. ... 

Various. . . . 

Stiff p;i steward . 

Powdered 


Mineral wo< I and binder 
rigid 
S ft . . 

Hard. vuk. . 

River, fine, norma] , , . 
Dried by heating 

Dry . . 

Ordinary 
Ordinary . 


Severed vacuum jacket. 

Across grain 

SliM. 32® F.. 

Across grai n . . 

Flexible paper stock. . . 


Btu. per 
24 hours 

Blu. per 
hour 

Lb. per 
cu. ft. 

100.0 

1 

4.167 

113.0 

7.2 

0.300 

11.3 

O.t 

0.379 

12.5 

22.0 

0.916 

34.0 

445 

18.530 

175,0 

104 

4.330 

156.0 

6.6 

0.27S 

12.5 

6.9 

0.288 

18.0 

24.0 

1.000 

38.0 

Jfi.O 

].$82 

56,0 

24.7 

1.030 

50.0 

132-0 

5.500 

105.0 

90 

3.750 

83.5 

73 

3.040 

75.0 

10.0 

0.417 

8.8 

II.O 

0.458 

4 4 « • ♦ 

11.6 

0.483 

20.0 

5.9 

0.246 

6.9 

5-9 

0.246 

6.3 

6.3 

0.263 

5.0 

7.0 

0.292 

2,5 

6.13 

0.255 

4.0 

8.3 

0.346 

21.0 

45 

7.875 

94.0 

16.0 

0.667 

S9.0. 

188.0 

7.830 

102.0 

54.0 

2.250 

95.0 

265 

IMOO 

1.38.0 

12.0 

C.500 

13.4 

25.0 

I.040 

16.0 

17.0 

0.707 

8.0 

14.C 

0.583 

8.55 

18.0 

0.7S0 

IS.O 

75 

3.1.30 

« 4 4 « 

17.0 

0.707 

55.0 

0.1 

0.004 


23.0 

0.958 

34.0 

100 

4.166 

62.4 

19.0 

0.791 

32.0 

8.7 

0.363 

21.0 


regarding the.se is lacking, since it is difficult to a.scertain the exact 
effect of each. Al.so, in the ultimate analysis, it will be noted that the 
refrigerating engineer is concerned, not with the proportion of heat 
transferred by conduction, radiation, or convection, but the total over- 
all heat transfer. 

The combined transfer of heat by radiation and convection may be 
determined by experimentation. The combined coefficient or rate of 
this heat transfer is the heat given off or absorbed per square foot of 
surface per hour per degree of temperature difference. In the case of 
cold storage insulation, the temperature difference would be taken 
as the difference between the temperature of the surface of the wall and 
the average air temperature. Likewise, it is evident that the velocity 
of the air across the siirface of the insulation wdll affect the magnitude 
of the coefficient offSdiation and convection. 
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The values for tlie coefficient of radiation and convection for va- 
rious insulating materials under still air conditions arc shown by 
Table 58. These coefficients are the heat transfer in Rtu. per hour 
per degree of temperature difference. These values arc based upon 
experiments made at the Engineering Experiment Station of the Uni- 
versity of Illinois. 

This coefficient is generally denoted by the symbol K,, and is 
called the coefficient of radiation and convection for inside surfaces. 
In an actual jdant, the outside walls arc exposed to the more rapid 
movement of the air, so that the coefficient of radiation and convection 
is larger for the outside surfaces. The symbol for this coefficient 
is Kj, and it is generally 2.5 to 3 times the inside wall coefficient K,. 
due to the greater velocity of the air. Thus, as a general rule, the 
\ alue of outside coefficient K,, may be considered to be three times 
the inside coefficient, Ki. 


Table 58.— Cof.ff.cik.vts of Radiation and Convf.ition (K,) 
In Btc. Pkr Hour Pf.r Dfxjree Tf.mderatcrk Diffkrf.xck. 


Material 


roefficient Ki 


Brick wall • 1.40 

Concrete 1.30 

Wood 1.40 

Corkboard 1.25 

Magnesia board 1.45 

Ulass 2.00 

Tile plastered nn both sides 1,10 

Asbcslos hoard ].60 

Sheet asbcs.os 1 40 

Roofing 125 


Total Heat Transfer Through an Insulated Wall . — V rom the fore- 
going. it will be observed that heat may be transmitted from a region 
of high temperature through an insulated wall into a region of lower 
temperature by means of radiation, convection, and conduction. Fig. 
98 shows graphically the transfer of heat through a wall. Here, the 
heat passes by radiation and convection from a warm surface at t” F. 
to the outside surface of the wall. It is absorbed by the outside surface, 
conducted through the material, and given off by the inside surface 
by means of radiation and convection to the cold surface at to® F. 

As previously indicated, the heat will be conducted or transmitted 
through the wall, due to the temperature difference. In Fig. 98, this 
is the difference between the temperature at the surface on the warm 
side, t,, and the temperature at the surface on the cold side, U. The 
amount of heat transferred, as previously indicated, would depend upon 
the internal thermal conductivity and the thickness of the material. 
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In a similar manner, since the heat that is conducted through the 
wall or material must be equal to the amount absorbed by the warm 
surface and that given off by the cold surface, it is evident that there 
must be temperature differences at the surfaces of the material in 
order to cause the heat transfer. This temperature difference exists 
within very thin layers of air at the surfaces. 

On the warm side of the wall in Fig. 98, this is represented by the 
differences between the temperature of the outside air, t, and the 
temperature at the outside surface, ti, and on the cold side the differ- 
ence is between the temperature of the inside surface, tj, and the 
temperature of the inside air, to. 



Fig. 98.— Heat Transfer Through a Wall. 


The amount of heat transferred depends upon the radiation and 
convection effects. It is evident that the quantity of heat transferred 
from the warm air to the wall will depend upon the coefficient of radi- 
ation and convection, K*. This is sometimes termed the surface 
coefficient. 

In a similar manner, the heat given off by the inside surface to the 
air will be observed to depend upon the coefficient of radiation and 
convection for the inside surface, Ki, and the temperature of the inside 
surface, t 2 , and the temperature of the air, to. 

The total heat transmission through the wall will depend upon 
the overall heat transfer coefficient, K, and the temperature of the 
warm air, t, and the temperature of the cold air, to. From the fore- 
going analysis, the value of the unit overall heat transfer coefficient 
may be determined and is as follows : 
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I 


1 X 1 
— + — + — 
K. C K^ 


From this formula, it will be observed that the overall heat transfer 
coefficient, K, in Btu. per hour per degree temperature difference for 
a given wall depends upon the radiation and convection coefficients, 
and K 2 , the thickness of the wall, X, and the internal conductivity 
of the material, C. The values of the conductivity, C, for various 
materials are given by Table 57, while the values of the coefficients of 
radiation and convection, K,, may be found in Table 58. The values 
of K-i may be taken as three times Ki. 

X 

In general, the value of the quantity — for thin walls composed of 

C 


good conductors of heat becomes so small that it may be neglected, 

1 


while in the case of a thick wall of good insulation, the value of — and 


1 



— become so small that they may be neglected. 

K2 

In case of a solid compound wall with materials having different 
conductivities, Ci. Q, Ca, etc., of various thicknesses, X,, Xj, X 3 , etc., 
the above formula is written as follows : 


I 


1 1 

X. 

X, 

X, 1 

1 

h • 

h 

- + 

1- etc. 

-h — 

K. 

C. 

c, 

C, 

K, 


In the event that the compound wall contains air spaces, coefficients 
for still air condition for each material and surface must be used, 
excepting that the coefficient of the outside wall must be increased. 
The above formula, then, is written as follows : 


1 

h 

K. 



X, X, X. 

— I* — h h etc. 

C, C, C, 


1 1 

H 1 f- etc. 

K, K, 


Example 1. It is desired to determine how much heat is trans- 
mitted through an outside brick wall 13 in. thick, 10 ft. high, and 50 ft. 
long, when the outside temperature is 80® F. and the inside tempera- 
ture is 30® F. per hour, per Fig. 99. 
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J-roni Table 57 it will be found that. C = 5; from Table 58, K, = 
1.40, and since = 3 X K,. 3 X 1-40 = 4.20. Thus, the heat trans- 
mission coefficient, K. is found as follows: 

1 

^ ~ = 0.282 Blu. per hr. per deg. temp. diff. 

1 13 I 

+ 4 - 

1.4 5 4.2 



The area, A, is equal to 50 X 10 = 500 sq. ft., and ti = 70° and 
1:; = 30°. The total heat transfer is found as follows: 

H = K X A X (t. - to 
= 0.282 X 500 X (70 - 30) 

~ 5640 Btu. per hr. 

This is equivalent to 5640 -4- 12000 = 0.47 tons of refrigeration 
l>er day. 

Ilxauiplc 2. It is desired to determine the heat transmission of 
the brick wall in the foregoing problem, if it is insulated with four 
inches of corkboard applied to the wall and finished with coatings of 
cement mortar one-half inch thick, per Fig. 100. The value of K is 
found as follows: 


-}- + -1- -f- 

1.10 4.20 5 0.308 6.25 

* 0.0592 Btu. 

Tlien ]] U found as follows: H = 0.0592 X 500 X (70* 30') 

-= 1184 Bill, per hr. 



HEAT TRANSMISSION IN INSULATION AND APPARATUS 313 


This is equivalent to 1184 12,000 = 0.0985 tons of rcfrij'cration per 


day. 

Example S- It is desired to determine the heat transfer coefticient. 
K, of a lO'in. concrete wall, insulated with eight 1-in. boards and air 
spaces as indicated by Fig. 101. The value of K is found as follows: 


1 

K = 

I lU 8 1 1 

8 • -p + — -p - — • -j- 

1.40 5.21 1 3.90 1..10 

= O.OfiO Htu. 



Fig. 101. Fig. 102. 


It should he observed that the determination of the amount of heat 
transmitted through an insulation depends upon its ])articualr applica- 
tion in the plant and that the estimate (d the heat transfer must he 
based upon the actual working conditions. In order to obtain an 
estimate of the amount of heat that could possibly flow through the 
wall, the amounts as calculated in the foregoing should be increased 
from 25 to 35 per'cent. This is due to the fact that the internal heat 
conductivities of the materials were determined under favorable condi- 
tions in testing laboratories; that some unforeseen operating condition 
may occur in the plant ; that some extra amount of heat transference 
should be allowed as a factor of safety in order to be sure that the 
refrigerating plant will, at all times, maintain the proper temperatures. 

Insulating Efficiency. — From the foregoing, it will be observed 
that the heat that flows through an in.sulating material depends mostly 
upon the internal thermal conductivity of the material, and that the 
resistance to the flow of heat at the surface only slightly reduces the 
heat transfer. This may be more thoroughly appreciated when the 
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heat conducted through the rvall in Fig. 100 by internal conductivity 
only, IS calculated. This is as follows: 

V „ * 

13 ~ 

h + 

5 0.308 6.25 

= 0.0635 Btu. 

The per cent of increase of heat flow due to neglecting the surface 
effects is equal to : 


0.0635 — 0.0592 

=0,0725 = 7.257c 

0.0592 


In general, the magnitude of the value of the internal conductivity 
of various insulating materials depends upon the structure and density 
"f the material. 1 he conductivity of air is quite low, so that a material 
containing a large amount of “dead air” will transfer a minimum 


amount of heat. A material having a large number of cells containing 
entrapped air would ha\ e a high insulating value. From this it will 
be noted that insulating materials may be judged roughly by noting 
their densities. 


The particular structure of a material also affects its heat trans- 
ferring qualities. Thus a material made up of many small fibers will 
conduct more heat along the fibers than across the fibers. This would 
indicate that fibrous materials would have the lower insulating effi- 
ciency. 


Choice of Insulation. — The choice of a suitable and efficient insu- 
lating material depends upon many considerations. An insulating 
material has certain definite functions to perform and must be selected 
with the view of retarding the most heat with the least expenditure 
of money for a given period of years. Under general conditions, the 
following are the most important considerations entering int(» the 
selection of insulation : 

1. Thermal conductivity 

2. Durability 

3. Sanitation 

4. Relative thickness 

5. Structural strength 

6. Fireproofness 

7. Cost 


Conductivity. — In order for a material to come into universal appli- 
cation, it must transmit heat at a very slow rate ; in short, it should 
be a good non-conductor of heat. Furthermore, it will be noted that 
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the loss of heat through a poorly insulated wall is a continual one, 
while the reduction of the loss to a minimum by the use of a gooil 
insulating material of proper thickness is a question of the initial cost 
of the installation. 

Also, when comparing insulating material, it should be noted that 
the value of the interna) thermal conductivity should be used as a 
criterion of comparison, and the surface effects may be eliminated 
since all materials have surfaces and hence are on an equal basis in 
this respect. 

Durability. — The durability of insulating materials depends upon 
the life of the materials used in manufacturing the insulation, the mode 
of manufacture, and the waterproofness. It is obvious that the ma- 
terials used, together with the mode of making such materials, should 
not affect the life of the insulation in respect to making it shorter 
than the life of the walls. 

On the other hand, it is apparent that the materials .should be 
waterproof in order to be durable. The absorption of moisture by 
capillary attraction and the extraction of moisture from the air by 
difference of water vapor [)ressure, would .soon fill the insulation vvitli 
moisture. The presence of water not only increases the conductivity 
of the material, but also the repeated freezings and thawings of the 
water result in actual disintegration of the material. 

Sanitation.— Since ordinary food products, etc., may be stored in 
the insulated rooms, it is evident that the insulation should be perfect- 
ly sanitary and free from mold, rot. or odor, during the lime that it 
is finst installed or any subsequent time. A desirable insulation shouhl 
be of such a nature as to exclude rats, mice, or other vermin. The 
interior surfaces should be so constructed that they may he washed 
with water without affecting the insulathm. 

Relative Thickness. — The relative thickness or compactness of an 
insulating material affects the ease of erection and the saving of space 
which may be used for the storing of commodities. A material that 
is compact and strong may be shipped, handled and installed with 
ease. The importance of using a comparatively thin wall of good 
insulation will be realized when one considers the value of the addi- 
tional space made available. 

_ As an example in the saving of space, the relative thickness of 
insulations of the same heat retarding abilities, such as corkboard 
and wood boards and air spaces, may be considered. Ordinarily an 
insulation composed of air spaces and boards will be two to three 
times thicker than an insulation composed of corkboard. Thus a 
wall made up of twelve 1-in. boards and five 1-in. air spaces, having 



316 


PRINCIPLES OF REFRIGERATION 


a ..f \x5 in., will have approximately the same resistance 

o the oi heat as a wall comprised of 6-in. corkboard having 
an overall thickness of 7 in. ^ 


Structural Strength.— The structural strength of an insulating ma- 
terial determines to a large extent, its commercial application. The 
insula ion should have sufficient strength to allow it to be installed 
by ordinary building methods and by ordinary workmen. It should 
l^e compact and structurally strong so that it may be incorporated into 
walls, ceilings and floors of any type of construction. It should have 
a certain compression strength and should be capable of being nailed, 
lemented or fastened by any other means into the various locations. 

Fireproofness.— A desirable insulator should lend itself to fire- 
proof construction of buildings. It should be slow burning, or fire 
retarding, and when properly erected it would secure the more favor- 
able insurance rates. An insulation to be slow burning should not 
support a flame unless it is supplied with heat from an outside source. 
An insulation is classed as fire retarding when it may be built into 
solid and compact walls which have no air spaces to act as flues in 
case of a fire. 


Cost. The total yearly cost of insulation for rooms, pipes, coolers, 
etc., should be kept down to a minimum. The total cost of insulation 
depends upon such factors as, initial cost of insulation, fixed charges 
due to interest, depreciation, repairs, etc., the value of space, the cost 
of producing refrigeration, etc. 

An insulation which possesses the necessary characteristics a.s 
previously enumerated and which has a medium total yearly cost, 
as indicated above, will find universal use. 

Types of Insulating Materials.— There are many materials which 
are used to resist the flow of heat, as may be seen by an inspection 
of Table 57. The most commonly used materials are corkboard, 
granulated cork. Fiberglas, redwood bark, mineral wool boards, loose 
mineral wool, sawdust and shavings, felts and quilts, etc. 

Cork. Cork is the outer layer of the bark of an evergreen species 
of oak tree. After being removed from the tree and after being dried, 
it is used to make various articles. The shavings and small particles 
are collected. This granulated cork is pressed into metal molds and 
baked at a moderate temperature. The baking process brings out 
the waterproof gum or rosin in the cork, cementing the whole' mass 
together firmly. After being baked, the boards are trimmed to size. 

Corkboards may also be manufactured in another manner. In this 
jirocess, pure granulated cork is thoroughly coated with an odorless 
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and waterproof binding material. It is then pressed into a mold 
and slightly heated. 

The boards are 12 in. by 36 in., and are to 6 in. thick. The 
commercial boards weigh approximately 7 to 11 lbs. per cu. ft. 

The ability of corkboard to retard the flow of heat is easily under- 
stood when the structure of the material is inspected. It is simply 
a homogeneous mass of tiny air cells separated by thin walls of tissue, 
iiach of these cells contains entrapped air and each one is sealed up 
tightly. Pure cork contains ai)proxiniately 43 per cent wood liber 
and 57 per cent entrapped air by \oliime. From its structure, one 
would expect its conductivity to be low. The commercial grade has 
a conductivity of 0.27 Btu. per hour per deg. per in. thickness per 
sq. ft. 

0>rk, being cellular in structure, does not possess capillary attrac- 
tion, and since each granule is coated with a waterproof gum or water- 
proof binder, it is water resisting and impervious to the entrance of 
water. It will not rot, mold, or give off offensive od<irs. If it is proper- 
ly erected, it is vermin proof. The surface may be finished with 
cement plaster which may be washed with water. Because of the 
low heat conductivity and compactness, a very small amount of space 
is required for the insulation. It is structurally strong and therefore 
easily erected. Solid partitions may be constructed. It may be used 
in floors, under tanks, machinery, etc. 

Cork is slow burning, and its construction into building insulation 
produces a fire retarding condition. Due to improved methods of 
manufacture, larger factories, and increased production, the initial cost 
compares faviirably with other types of insulating material, when the 
ultimate cost of the insulation is considered. 

Mineral Wool Board. — Waterproof mineral wool boards are made 
from mineral wool and waterproofing binder. Mineral wool is made 
from limestone which is melted at about 3000° F. and then is blown 
into fine fibers by high-pressure steam. This rock woid is mixed with 
a binder consisting of paraffin wax, bog peat, etc., and then is molded 
into boards, generally 16 in. x 36 in. and I^-in. to 3-in. thick. It weighs 
from 17 to 21 lbs. per cu. ft. 

The ability of mineral wool board to retard the flow of heat depends 
upon the structure, which consists of minute cells of air surrounded 
by fine short fibers of mineral matter and the binder. The air is held 
in each cell by a thin film of the binder composition which covers the 
several fibers of mineral matter. 

The board generally consists of about 90 per cent rock or mineral 
wool and about 10 per cent waterproofed peat binder. It contains 
approximately 83 per cent entrapped air by volume. Its heat conduc- 



318 


PRINCIPLES OF REFRIGERATION 


livity IS 0.340 Blu. per m. thickness per deg. per hour per sq. ft. Dur- 
ing the manufacture, the mineral wool is mixed with the waterproofing 
hinder, which serves to make the material fairly waterproof and firm 
bmce It IS made from mineral wool, peat, and parraffin, it is odorless 
and tree from decay and deterioration. It may be plastered with 
cement mortar which makes a sanitary construction. It is fairly com- 
pad and occupies a small amount of space. 

The structural strength is somewhat below that of corkboard. The 
Hying particles of mineral wool make it somewhat disagreeable for 
workmen to erect. It is slow burning and may be erected into a 
ire retarding construction. In case of fire, however, the binder may 
be affected, allowing it to disintegrate into a granular state. The 
initial cost IS below that of corkboard. 

n into an enclosed chamber under 
suitable conditions to produce fine libers of glass. The product is 

collected and placed in batts and boards of various thicknesses for 
use in insulating refrigerators and other inclosures. For structures 
iHult in place such as cold storage and freezer rooms the Fiberglas is 
compressed, treated with a binder and enclosed in an asphalt coating. 
Ihese rigid slabs of insulation are very much like other board forms 
m size and shape and arc erected with the hot dip asphalt method or 
with other usual methods. 

llie insulation is also furnished in pre-fornicd sections for use on 
brine pipes and other cold lines. It will not rot or decay and it offers 
excellent resistence to rodents. The density of the material ranges 
from to 9 lbs. per cu. ft. with a thermal conductivity of 0.24 Btu. 
per sq. ft., per in. thickness, per hour, per degree temperature difference 
in the lower density range. 

Insulite. — Jnsulite is made entirely from selected wood fibers. In 
the process of manufacture these fibers are chemically preserved and 
sterilized then fabricated into large rigid sheets and finally kiln dried. 
The stock sizes of insulite are Yz in. thick, in 3-ft. and 4-ft. widths by 
0-ft., 8-ft., 10-ft. and 12-ft. lengths. It may also be had in any special 
sizes desired, and any thickness can be furnished by stapling or 
cementing these sheets together. 

It has a thermal conductivity of 0.296 Btu. per square foot, per inch 
thickness, per hour, per degree difference in temperature, and a tensile 
strength of 350 pounds per square inch. It is odorless under all con- 
ditions and it is claimed will not rot, mold, or support fungus or 
bacteria growths. 

In cold storage work insulite is applied in various ways either in 
built up block formation or in large *^-in. sheets nailed in position to 
studding or furring strips with all joints broken. The larger pieces 
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of insulation are advantageous in reducing labor costs. Any suitable 
waterproofing material may be used for coating the exterior surfaces. 
The interior surface may be finished with asphalt or with cement 
plaster, either of which forms an unusually strong bond. 

Practical Considerations. — In the actual application of insulation 
to rooms, pipes, coolers, tanks, etc., it is apparent that each particular 
plant must have its own individual consideration and prescription. 
The proper thickness of insulation to be installed on cold storage walls 
to hel]) maintain a given temperature in an economical manner depends 
upon several factors, among which the following are the most im- 
portaiit : 

1. Character of building 

2. Thickness of building walls 

3. Temperature to be maintained 

4. Locality of plant 

5. Nature of goods stored 

6. Cost of refrigeration 

Generally speaking, the most economic thickness of cork, mineral, 
and other boards, for average conditions in the United States, will be 
as follows : 


-35* to -SO' F 12 in. 

-25' to -35' F 10 in. 

-20' to -S' F Sin. 

-5' to 5' F 6 in. 

5' to 20' F Sin. 

20' to 35' F 4 in. 

35' to 45' F 3 in. 

45* and up 2 in. 


The selection of insulation is a question of economic importance 
and should be considered from all possible viewpoints. The proper 
insulation and thickness of same should be selected so as to give the 
lowest ultimate cost rather than the lowest initial cost. 

Heat Transfer in Apparatus. — In the foregoing it will be observed 
that in order to retard the flow of heat from the region of high tem- 
perature into the region of low temperature, a wall composed of a 
non-conductor of heat was interposed between the two regions. This 
is the principal function of insulation as used in refrigeration struc- 
tures. 

In refrigeration apparatus, the condition is just reversed ; that is, 
it is desired to have the heat flow as fast as possible from the region 
of higher temperature to the region of lower temperature. Thus, the 
apparatus in general will contain two fluids separated by a solid wall. 

The principles underlying the heat transfer in apparatus are the 
same as those for the heat transfer in insulation. In other words, 
there must be a temperature difference ; the direction of heat flow is 



320 


PRINCIPLES OF refrigeration 


alua^^ K.uard the luwer temperature; the heat may be transferred 
> or all of the three methods of heal transfer; that is by either 
rarhaiio.i, convection or conduction. The fundamental heat trans^fer 
l.iu f-r apiiaratus ,s the same as for insulation, and is as follows- 


, ll-KXAXt., 

ulierc H — total heat transfer iii Btn. per hour 

K _ heat transfer coefficient. Btu. per lir. jkt deg 
A — area of heat transmitting surfaces, in so ft 
td — mean temp, diff, ^ 


temp. dilT. 



In the above, the mean temperature difference, td, is the actual mean 
temperature difference between the separated fluids for the whole 
])ermd of the heat transfer in degrees Fahrenheit. The heat transfer 
coefficient, K, is the transfer factor which combines the effects of the 
three methods of heat transfer into a single constant. Furthermore, 
It is evident that this heat transfer coefficient takes into consideration 
other factors such as the properties of the separated fluids, the proper- 
ties of th^ separating solid and the effects of the surfaces of the solid. 

Mean Temperature Differences.-As previously indicated, in the 
consideration of insulation, the temperature difference is equal to the 
arithmetical difference of the temperatures of the separated fluids. It 
IS evident that this is true only when the temperatures of the separated 
fluids remain constant. If the temperatures of either or both of the 
separated fluids vary during the heat transferring process, the actual 
niean temperature difference is a progressive average between the 
changing temperatures. It is evident that this progressive average 
cannot he calculated by arithmetic, but must be obtained by means 
of higher mathematics. 
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The variation of the lemperalures in the apparalus having fluids 
iluwing through it in counter-current flow is shown 1)\ h'ig. lO.V It 
will he noted that the cool substance is warmed from the temperature 
at the inlet, ti, to the temperature at the outlet, I 2 , while the warm 
substance is cooled from the temperature at the inlet, li, to the tem- 
perature at the outlet, U. It is evident that the heal transfer in this 
case is produced by the average temperature difference between the 
curves AB and CD. 

This mean temperature difference may be calculated by means of 
higher mathematics and the result is expressed in the following for- 
mula : 

g.U. — s.t.d. 

m.t.d, = 0.4342 

g.t.d. 

log. 

s.t.d. 

where m.t.d. = mean temp. diff. 
g.t.d. = greater temp. diff. 
s.t.d. = smaller temp. diff. 

0.4342 = a constant 
log. ~ logarithm of 

This formula holds true regardless of the direction of the tlow of 
the fluids. The warm and cool fluids may flow in the same direction, 
which is termed “parallel flow,” or they may flow in an opposite direc- 
tion, which is called “counter-flow." 

It will be noted that the above formula for the mean temperature 
difference involves the use of logarithms. In order to make the labor 
of solving the formula less, and to make it more easily understood, 
the above formula has been calculated for a number of conditions. The 
mean temperature difference in this case may be expressed i)y the 
following formula : 

m.t.d. = g.t.d. X M 

where M = coefficient for the mean temp. diff. 

The values for the coefficient for the mean temperature difference, 
M, for the above formula may be taken from Table 59. The coefficient 
from Table 59 should be taken at a point corresponding to the quotient 
of the smaller temperature difference divided by the greater tempera- 
ture difference. As an example, in the above calculations the cooling 
of water from 80® F. to 40® F. by brine warming from 16® F. to 
20® F. will be considered. These temperature variations are shown 
by Fig. 103. The curve AB shows the brine warming from 16® to 
20® F., while the curve CD shows the water cooling from 80® F. to 
40® F. while flowing in opposite direction to the brine. 

The greater temperature difference is equal to the temperature 
at D. 80® F., minus the temperatlre at B, 20° F., equals 60® F. The 
smaller temperature difference is equal to 40® F. minus 16® F. equals 
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_24 

BO 


f^hc ^ equals U.40. From Table 

'n * ^ coefficient, M, corresponding to 0.40 is eaual to 
f>.558. The mean temperature difference is found as follows: 


equals 0.40. From Table 


m-t.d. = g.t.d. X M 
m.t.d. = 60 X 0.658 
m.t.d. = 39.48* 


be e<uni"to' arithmetical temperature difference would 


T in, .^5t)--C0P.rr.r, ENTS for Mean Tem, -mature Differences (M). 


Smaller Difference 


Cireater Difference 

’ '00025 
0.0050 
0.0100 
0.0200 
0.0300 
0.0400 
0.0500 
0.0600 
0.0700 
0.0800 
0.0900 
0.1000 
0.1100 
0.1200 
0.1300 
0.1400 
0.1500 
0.1600 
0.1700 
0.1800 
0.1900 


Coefficient 

M 


Smaller Difference 
Greater Difference 


0.166 

0.189 

0.215 

0.251 

0.277 

0298 

0.317 

0.335 

0.352 

0.368 

0.378 

0.391 

0.405 

0.418 

0.430 

0.440 

0.451 

0.461 

0.466 

0.478 

0.489 


0.2000 

0.2100 

0.2200 

0.2300 

0.2400 

0.2500 

0.3000 

0.3500 

0.4000 

0.4500 

O.SOOO 

0.5500 

0.6000 

0.6500 

0.7000 

0.7500 

0.8000 

0.8500 

0.9000 

0.9500 

1.0000 


Coefficient 

M 


0.500 

0.509 

0.518 

0.526 

0.535 

0.544 

0.583 

0.624 

0.658 

0.693 

0.724 

0.756 

0.786 

0.815 

0.843 

0.872 

0.897 

0.921 

0.953 

0.982 

1.000 


Heat Transfer Coefficients. — The magnitude of the value of the 
overall heat transfer coefficient depends upon several factors, among 
which the following are the most important : 

1. Velocity of separating- fluids 

2. Kinds of fluith 

3. Density of fluids 

4. Temperature of both fluids 

5. Kinds of substance in separating wall 

6. Thickness of separating wall 

A 7. Character of surface of separating wall 

8. Surface effects. 

The velocity of either or both of the fluids has a great effect on the 
overall heat transfer coefficient. Increasing the velocity increases the 



HEAT TRANSMISSION IN INSULATION AND APPARATUS 323 


coefficient, while decreasing the velocity will decrease the cuefticicnl. 
Thus, in (.)rder for any piece of apparatus t<i transfer the maxiniuni 
amount of heat, the velocity should be kept as great as possible. 

The exact nature of the separated fluids also affects the heal trans- 
fer coefficient considerably. In general, when both fluids arc li{iuids 
and when the velocity is reasonable the heat transfer is good, l)Ut when 
either or both of the fluids arc gases the heat transfer i.s slow, with 
the principal resistance to the flow of heat being at the surface in 
contact with the gas. Increasing the density of the fluids likewise 
increases the flow of heat. This is particularly true when the fluids 
are gases. 

The rale of heat transfer also seems to depend upon the absolute 
temperatures of the fluids, together with their relative temperature 
ilifferences. However, for tirdinary refrigeration work the \'alue of 
the heat transfer cocflficieut may be assumed to be constant. 

The influence of the kind of material used in the separating wall 
depends upon the conductivity of the same. Thus, a separating wall 
composed of copper, iron or steel, will conduct the maximum amount 
of heat. The thickness of the separating wall will have the same effects 
as before noted in the transfer of heat through insulation. 

The character of the surfaces of the separating wall also affects 
.slightly the rate of heat transferred, depending upon whether or not 
these surfaces are rough, smooth, polished, light or dark. The surface 
effect is due to the formation of a very thin film of the fluid or foreign 
matter on the surface of the separating wall. This film may consist of 
the fluid itself, or some foreign matter as ice, snow, grease, oil, scale, 
etc. 

From a consideration of the above factors, it is quite apparent that 
it is not possible to determine the magnitude of the heat transfer co- 
efficient by means of calculation.s. The proper method of determina- 
tion of these constants is to base the considerations upon experiments 
and theoretical analysis. In the first place, it is necessary to know 
in general just what are the factors and how they affect the heat trans- 
fer coefficient. After these factors are known, the heat transfer co- 
efficients for all conditions should be determined directly by experi- 
ment. Then, as soon as the refrigerating engineer has the coefficient 
of heat transfer, together with the knowledge of the factors affecting 
the rate of heat transferred, he is in a position to operate or design 
intelligently apparatus for the transfer of heat. 

The heat transfer coefficients for various types of commercial 
apparatus operating under various conditions and temperature differ- 
ences are shown by Table 60. This table shows the rate of heat 
transfer in Btu. per hr. per sq. ft. per deg. of av. temp. diff. 



324 


PRINCIPLES OF REFRIGERATION 


In refcixnce t(. the data on the heat transmission of direct expansion 
\ith hairpin bends and m which the liquid refrigerant is admitted 

uT,h . 1 7 ■■ rP old style coils used in connection 

111 accumulators. Flooded liquid recirculating coils refers to those 

c Mis which are supplied with an excess of recirculating liquid am- 
monia, having short travel of gas and liquid. ^ 

The heat transfer coefficients shown in this table are average 
coefficients ; that is. they are for medium frosting of the pipes and for 
medium collection of foreign matters on the heat transmitting sur- 
faces. bor a new apparatus, these coefficients would probably be 

Table 60.— Heat Transfer Coefficient K in Btu. Per Hr. 

Per Sq. Ft. Per Dec, Temp. Dipt. 


40 

60 


350 

240 

0.6 

200 


30 to 
50 to 
125 to 200 
125 to 200 

400 

250 


0.7 

210 


0.8 

220 


Ammonia Condenser 

Submerged type g _ 

Atmospheric, parallel flow type K = 

Atmospheric, counter flow bleeder type...., K = 

Atmospheric, flooded type [."!!!! ." K = 

Double-pipe type 

Velocity of water, ft.p.m. 100 150 200 250 300 

K =110 150 180 205 225 

Shell-and-tube type (Vertical single-pass type) 
g.p.m. per sq. ft. of tube surface 0.1 0.2 0.3 0 4 05 

bnell-and-tube type (Multi-pass type) K = j 5 o to 300 

Baudelot Coolers (Direct Expansion) 

Water coolers ^ 

Milk coolers K = 60 

Cream coolers ’ v = 

Oil coolers . . K = 10 

Baudelot Coolers (Brine Type) 

Milk coolers K = gq 

Water coolers g = gq 

Brine Coolers 
Shell-and-tube type 
Velocity of brine, ft.p.m. 

Double-pipe type 
Velocity of brine, ft.p.m. 

Brine Coils In Still Air 
Temp. diff. deg. F. 

Brine Coils In Moving Air 
Velocity of air, ft.p.m. 


50 

100 

150 

200 

250 



K = 55 

80 

100 

115 

125 



100 

150 

200 

250 

300 

350 

400 

K2= 75 

85 

97.5 

110 

120 127.5 

135 

5 

10 

IS 

20 

25 

30 


K =1.5 

2.3 

2.75 

3.1 

3.3 

3.4 


200 

300 

400 

500 

600 

700 

800 

II 

4.0 

5.0 

5.9 

6.8 

7.7 

8.6 

1 




K 



1 Liquid . . 




.. K 


Ol* 

12 

Brine 




.. K 


8 
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Tablk 00.— Hkat Transfkk Cokkhciknt K ts Bn*. Pkr Hh. Pkh Sy. Ft. 

Per Dfj;. Temp. [)iff.— (C ontinued.) 


Direct Expansion Coils (Old Style) in Still -Air 

Temp. diff. deg. F. 5 10 15 20 25 30 

K = l.O 1.75 2.20 2.5 2.7 2.8 

Direct Expansion Coils (Old Style) in Moving Air 
Velocity of air, ft.p.m. 200 300 400 500 600 700 800 

K = 2.3 3.3 4.2 5.0 5.7 6.5 7.0 

Direct Expansion Coils (Old Style) in Spray of Liquid. . . K = 60 

Direct Expansion Coil (Old Style) in Still Liquid K = 10 

Direct Expansion Coil (Old Style) in Circulated Liquids 
Velocity of liquid, ft.p.m. 20 25 30 35 40 

K3=13.4 15.0 16.4 17.8 19.0 

Direct Expansion Coils (Flooded) in Still Air 
Temp. diff. deg. F. 5 10 15 20 25 30 

K = 1.3 2.3 2.9 3.3 3.6 3.75 

Direct Expansion Coils (Flooded) in Moving Air 
Velocity of air, ftp.m. 200 300 400 500 600 700 800 

K = 3.3 4.5 5.6 6.6 7.7 8.6 9.6 

Direct Expansion Coils (Flooded) in Spray of Liquid K “ 80 

Direct Expansion Coil (Flooded) in Still Liquid K = 13 

Direct Expansion Coil (Flooded) in Circulated Liquid 
Velocity of liquid in ft.p.m. 20 25 30 35 40 

K4*=17.9 20 21.9 23.7 25.3 

Direct Expansion Coils (Flooded Liquid Recirculating) In Still Air 
Temp. diff. deg. F. 5 10 15 20 25 30 

K = 1.5 2.6 3.3 3.7 3.9 4.0 

Direct Expansion Coils (Flooded Liquid Recirculating) in Moving Air 
Velocity of air in ft.p.m. 200 300 400 500 600 700 800 

K=3.6 5.0 6.3 7.5 8.6 9.6 10.5 

Direct Expansion Coils (Flooded Liquid Recirculating) in 

Spray of Liquid K = 90 

Direct Expansion Coils (Flooded Liquid Recirculating) in 

Still Liquid K = IS 

Direct Expansion Coils (Flooded Liquid Recirculating) in Circulating 
Liquid 

Velocity of liquid, ft.p.m. 25 50 75 100 125 ISO 

K--=5S 70 85 95 105 115 

Double-pipe Exchanger K =» 80 

De-superheater (Shell-and-tube type) K = 25 

Fin Evaporators (6-in. x 6-in. copper fins on ’/i-in. spacing) 

Temp. diff. between air and 

suction vapor 5 10 15 20 25 30 

K«= 1.87 1.48 1.25 1.09 0.98 0.93 

Fin Evaporators (6-in. x 6-in. copper fins on 1-in. spacing) 

Temp. diff. between air and 

suction vapor 5 10 15 20 25 30 

K''==3.22 2.68 2.39 2.11 1.92 1.73 

Fin Evaporators (6-in. x 6-in. copper fins on IJ^-in. spacing) 

Temp. diff. between air and 

suction vapor 5 10 15 20 25 30 

K''=3J2 2.68 2.39 2.11 1.92 1.73 
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I ABLt 60.-HEAT Transfer Coefficient K in Btu. Per Hr. Per Sg Ft 

Per Dec. Temp. Diff.— (Concluded.) 


suction vapor 5 10 IS 20 25 30 

i7- p K“— 2.60 2.18 1.94 1.69 1 55 1 39 

^ S" ' 

suction vapor 5 ,5 25 30 

u- TT ^ I<8=3.61 2.99 2.66 2.32 2.09 1.92 

1-m Evaporators (Cast Type*) in Moving Air 

\eloc.tyof a.r. ft.p,m. 200 300 400 500 600 700 800 

Holdover Brine Tank ^ ~ 6 ® ^.8 7.5 8.1 

Temp. diff. between brine and 4 

^ 10 15 20 25 30 

K, „ ^ K = 0.S 0.83 1.0 1.25 1.33 1.41 

Milk Cooler (Shell-and-tube type,) 

Velocity of milk, ft.p.m. 50 75 100 125 150 

K=90 112 125 135 142 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 


Based on data by Horne and Jenks. 

Based on tests made by York Mf^. Co. 

Based on formula K =5 3VV 

where V = V<>ocity of Jiguid over coils in ft.p.m. 
cased on formula K = 4VV 

where V = Velocity of liquid over coil in ft.p.m. 
Based on formula R = 15 + %y/\ 


P'»‘« 1 in- be- 

0 n'.'l'J' ^ 'n- «as‘ «"« around a central core. Centers of fins about H in 

®V^^nonia.‘"“ ■" shell MiL. .he liquid 

somewhat larger, while for an older apparatus they may be somewhat 
smaller. 

As an example in the use of these coefficients, it may be desired 
to determine the amount of direct expansion pipe surface to be installed 
111 a room where the temperature is to be maintained at 30® F. with 
the temperature of the boiling ammonia in the coils at 10® F. to 
remove heat at the rate of one ton of refrigeration per day. F^om 
the fundamental heat transfer law, H «= K X A X td • 

288,000 

='2.SX AX (30* -10*) 


24 

therefore A = 


12,000 


^ ^ 2.5 X 20 

A — 240 sq. ft, 

The hneal feet of pipe may be determined when the size of pipe 
to be used IS known. Thus, if l^-in. pipe is to be used, the length 
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of pipe containing one sq. ft. <»f external surface equals 2.301 ft. The 
total lineal feet of pipe to transfer this heat under these condition' 
would be equal to 240 X 2.301, which equals 532 ft. 


QUESTIONS ON CHAPTER VIII. 

1. State and explain the fundamental heat transfer law. 

2. Explain how heat may be conducted from a region of high tem- 
perature through a material to a region of low temperature. 

3. In considering insulation, where is the principal resistance to 
the flow of heat? 

4. How is the overall heat transfer coefficient for an insulating 
material determined? 

5. Calculate the heat that would flow per square foot of area per 
hour through the wall shown in Fig. 102, when the outside temperature 
is 80° F. and the inside temperature is 30° F. 

6. How much heat would be transmitted through the wall shown 
in Fig. 102 due to the internal conductivity alone? 

7. Describe the various functions of an efficient insulating material. 

8. Why is corkboard a good insulator? 

9. Explain fully how to obtain the true temperature difference be- 
tween substances having varying temperatures. 

10. Submerged direct expansion coils containing ammonia at 10° F. 
are used for cooling water from 70° to 40° F. How many feet of \ %-in. 
direct expansion coils would be required to cool 500 gals, per hr. under 
this condition? 



CHAPTER IX. 


METHODS OF DISTRIBUTION OF REFRIGERATION. 


Application of Mechanical Refrigeration.-Having studied the 
iiiidaniental theoretical principles underlying the action of the various 
mechanical refrigeration apparatus and structures, and having ob- 
serc ed the types and constructions of the various apparatus used for 
I roducmg refrigeration, it is now an opportune time to notice and 
study the different systems which are used to transmit the mechanical 
re rigeration from the points of production to the points of usage in 
actual industrial plants. In general, the particular method of distribu- 
tion to be used for a given refrigerating plant will depend upon the 
local conditions, the size and kind of plant, the nature of the goods 
stored, refrigeration service requirements, etc. 

Distribution Systems.— There are several methods of applying or 
transmitting refrigeration, or arranging for the absorption of the 
necessary heat, in actual refrigerating plants. Ammonia or any other 
volatile refrigerant may be evaporated in a pipe which is placed in the 
room to be cooled; this is called the “direct expansion" or evaporation 
of the refrigerant. Refrigeration is produced due to the fact that the 
refrigerant absorbs its latent heat of evaporation from the material to 
be cooled. This method of application may be used in freezing rooms, 
freezer storage rooms, small cold storage rooms, rooms of even tem- 

jierature, and rooms where loss due to leakage of the refrigerant would 
be low. 

In the brine system cold brine is circulated through a series of 
pipes or other devices in tlie room. This brine has been previously 
cooled by direct expansion or evaporation of ammonia, or other suit- 
able refrigerant. The brine rises a few degrees in temperature as it 
liasses through the materials or space to be cooled, thereby producing 
the required amount of refrigeration. This system may be used in 
rooms of uneven temperature, rooms where loss due to leakage of the 
refrigerant would be great, and large cold storage rooms. 


/ 
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A forced air circulalion syslcm may be used also. In ibis syslem 
ihe refrigeration is accomplished l)y the circulation of air which has 
been cooled by tlie refrigerating machine. In a similar manner the 
cooled air rises a few degrees when it passes through the materials 
or spaces to be cooled, thereby producing the necessary amount of 
refrigeration. The air is cooled by means of a series of pipe coils 
containing either brine, ammonia or other refrigerant, which are placed 
in a bunker room. The air is circulated by means of a fan and may be 
distributed to the room by a duct syslem. This system may be used 
on large cold storage rooms in which the temperatures are above the 
freezing point, on rooms in which excessive ventilatit»n is required, etc. 

In small refrigerated rooms or spaces, where the refrigerating 
machine is designed to operate only a part of the day, the coils are 
supplemented by “holdover” tanks which are placed in the room. Part 
of the refrigerating coils are placed in the tank, which contains brine 
and the other part of the coils arc exposed directly in the room. Thus, 
during the operating period the refrigerating machine cools the room 
and the brine and during the shut-down period it maintains the tem- 
perature fairly uniform. 


Direct Expansion Systems.— As previously indicated in the fore- 
going chapters, volatile refrigerants such as ammonia, carbon dioxide, 
sulphur dioxide, etc., are circulated through pipes, coils, and other 
heat transmitting apparatus, for the purpose of producing refrigeration 
by the direct evaporation of the refrigerants. The temperatures of the 
volatile refrigerants are maintained a few degrees below the surround- 
ing media which are to be cooled. The heat in the media tt) be cooled 
then flows by natural tendency into the boiling refrigerants. The 
reMdtanl \apor is then withdrawn from the evaporating apparatus 
by the action of the compressor or the absorber, and a ]jroper amount 
of liquid is admitted to the evaporating apparatus by means of the 
expansion or regulating valves, so that the cooling effect is continuous. 
Thi.s method is termed the “direct expansion” or evaporation system. 

The evaporating apparatus may consist of a series of pipe coils or 
conduits in air, gases, or vapors to be refrigerated; pipe coils or con- 
duits in liquids to be cooled; double or triple pipe coolers; shell-and- 
lube, shell-and-coil, or any other convenient form of heat transmitting 
surface. lu all cases, the refrigerant must be confined and evaporated 
in a suitable metallic container, which interposes a separating wall 
between the refrigerants and the media to be refrigerated. 

Direct Expansion Pipes in Air.— One of the most common applica- 
tions of the direct expansion system is the cooling »)f air in cold storage 
rooms or other refrigerated compartments by means of pipe coils. In 
this case the air in the compartment or rooms carries the heat from the 
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by insulation, etc., to 

coil surface i" the room, across fhe 

bmton o7ref ■""’“7 eircniation of the air is the 

(l.stribut.on of refr.gerat.on, an, I a secondary purpose of the circula- 
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tion is to equalize the temperature in the room and to purify the air by 
depositing moisture containing odors, etc., on the cold freezing surface 
of the coil. The moisture may be deposited on the walls and goods if 
the refrigeration is produced by the radiation effect rather than the 
convection effect. The placing of screens or aprons in front of the coil 
will cut down the radiation effect and also promote circulation. Prob- 
ably, the best method is to place the coils in a bunker loft which has 
baffles, and which, together with the room walls, produce a vigorous 
circulation of the air. This disposition of coilS in a bunker gives the 
best circulation of any gravity air system. 

The effect of the disposition of the pipe coils in the room, the loca- 
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tion of aprons and baffles, etc., may be ascertaineil by carefully in- 
specting Figs. 104 and 105. The air is caused to circulate on account 
of the different densities at the different temperatures. The air, upon 
passing over the refrigerating pipes, becomes cooled and thereby in- 
creases in weight per unit volume. This heavier air tends to sink to- 





Fig. 105.— Disposition of Pipe Coils, Aprons and Bunkers. 

ward the floor, due to the effect of gravity, and, in this manner, dis- 
places the warmer and lighter air, which then flows to the cool surface 
of the pipe coil. The air, in its- circuit about the rooms, rises a few 
degrees in temperature, probably 2° to 5® F., by absorbing heat from 
the materials. 

The aprons and baffles effect a more even distribution of the air 
about the room, and they also tend to promote rapid air circulation, 
due to the chimney effect of the walls of the room and the baffles! 
Ample area for air passage between the walls and baffles must be al- 
lowed, as well as arranging the material to be stored so that the air 
may circulate freely about the room. 
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J he effect of placing the coils of pipe on the walls and ceiling, or in 

h‘ 1 )"*; “P™"" “d baffle walls, etc., are shown 

graphically by higs. 104 and 105. 

I he following are some of the major considerations of gravity air 
circulation in cold storage rooms. This method of distribution of re- 
lrij,a‘ration trends to purify the air in the room, due to the fact that the 
moisture which contains objectionable foreign matter is deposited on 
he cold surffices ot the coils. Generally, some method of removing 
he ice and irost from the cods, or the water which is condensed by 
he coils, must be adopted. From the foregoing it will be observed 
that Hat ceding cods produce very little circulation in the room; that 
hat coils (,n the side walls produce fair circulation, and that ceiling 
coils with batfles produce the best circulation. If baffles or aprons are 
not provided for the coils, material placed near the coils may be frozen. 
In general, It will be noted that it is nearly impossible, by the gravity 
air circulation system, to secure even temperatures in all parts of the 
room furthermore, as previously indicated, the use of this method 
should be restricted to freezing rooms, freezer storage rooms, small 
cold storage rooms, etc. 


Amount of Direct Expansion Piping Required.— The amount of 
diiect e.xpansion piping to be installed to refrigerate a given room or 
space depends upon the relative amount of refrigeration that must be 
produced and the mean temperature difference between the air in the 
room and the boiling refrigerant. The magnitude of the temperature 
difference to be used depends upon economic considerations, such as 
the cost of producing refrigeration, cost of refrigeration equipment, 
cost of insulation, relative size of plant, etc. 

The temperature difference also varies with the relative tempera- 
ture of the room, being greater on the rooms of higher temperature 
and lower on rooms of lower temperature. This is due to the fact that, 
as the temperature of the room, and hence the boiling temperature of 
the refrigerant, is lowered, the power required for compressing the 
ammonia increases rapidly. (This condition in part accounts for the 
use of the absorption machine, or the two-stage compression machine 
for low temperature refrigeration.) 

The larger amount of pipe coil surface will produce the more eco- 
nomical operating conditions, since the suction pressure (and tem- 
perature) may be carried at a higher point. Thus, for a given amount 
of heat transfer, the temperature difference is reduced in proportion 
to the pipe surface. In general, the suction pressure should be carried 
as high as possible and still maintain the desired results. An additional 
advantage of higher suction pressures is that the tonnage capacity of 
the compressor per cubic foot of displacement increases as the suction 
pressure is increased. 
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In general, with ammonia as the refrigerant, the following approxi- 
mate temperature differenoes may he used between the room and llie 
boiling ammonia : 


Room temperature, deg. F 

Ammonia temperature, deg. 1*. 
1 cmperature difference, deg. F 


-10 

0 

10 

20 

30 

40 

50 

00 

-25 

-15 

-5 

3 

10 

11) 

22 

20 

15 

15 

15 

17 

20 

24 

28 

34 


The amount of piping is also affected by the relative inagiiilude of 
the mean temperature difference, since, in the gravity circulation of 
the air, the heat transfer coefficient decreases as the temperature dif- 
ference is decreased. 

The amounts of surface per ton of refrigeration were calculated bv 
means of the standard heat transfer law and are show n in Table 01. 
These surfaces may be transferred into etjuivalenl lineal feet of pipe 
by simply multiplying the amount by the length of the jjarticular size 
of pipe w’hich has an exterior surface of one scpiarc foot. 


T.\hi.k 61.— D.kKCT Exp.vnsion Coil Soioaif. i.\ S'jcahk Fi ft 

PsR Tox OF RKKKtOKK.MION. 


Suction 

Temperature 

; -10 1 

r ' 0 

1 10 

1 20 

30 

40 1 

50 

60 

K(-om Tcinpcralure 

2b 






570 

200 

141 

22 





1000 

334 

172 

127 

16 





570 

200 

142 

109 

10 




800 

240 

160 

120 

96 

3 



1150 

353 

178 

130 

112 

85 

-S 



400 

193 

137 

107 

88 

74 

-15 


400 

193 

137 

107 

88 

74 

64 

-25 

400 

193 

137 

107 

88 

74 

64 

57 


The lengths of the different sizes of pipes which have an exterior 
surface of one square foot may be found in any table of pii)e dimen- 
sions. 


The particular size of direct expansion pipe to be used depends 
upon the local conditions in the plant. In general, smaller pipes arc 
used in the smaller rooms, while larger pipe are installed in the larger 
rooms. The length of the individual coils is determined by the ability 
of the vapor to flow through the pipes without sustaining t(JO large a 
pressure drop. The following tabulation indicates the maximum 
amounts of piping that may be fed by one expansion valve, and in most 
cases smaller amounts should be used: 


Pipe Size 

•K in. 

1 in. 
V/4 ill. 
l/a in. 

2 in. 
2Vi in. 


Maximum Lengtli of 
Direct Expansion 0»ils 
900 
1,100 

1.300 
1,500 
1,900 

2.300 
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Direct Expansion Coils in Liquids.-Much refrigeration is pro- 
duced by evaporating the liquid refrigerant in pipe coils which are 
placed directly into the liquids to be cooled. In this respect mention 
may be made of such applications as coils for brine “holdover” and 
congealing tank, ice tank, water cooling tanks, brine cooling tanks, 
etc. The question of the disposition of this type of coils is not so im- 
portant as that concerning the placing of the direct-expansion coils 
in the air. 

Probably the major considerations are those of keeping the coil 
surfaces free from foreign matter, and the arranging for a rapid flow 
01 the liquids across the coil surfaces. 

Holdover Tanks.— Holdover tanks are used to keep storage rooms 
cold during the period that the refrigerating plant is shut down, or, in 
other words, they hold over the low temperature of the room from the 
time the refrigerating plant is stopped until it is started again. They 
are used principally on small plants which do not operate continuously 
during all of the day, automatic refrigerating plants, etc. 

Holdover tanks are steel tanks which contain a strong solution of 
brine, and are placed in storage rooms in order to maintain as low a 
temperature as possible during the period that the compressor is 
stopped. Direct-expansion coils are immersed in the brine in the hold- 
over tank and thus, by the evaporation of the liquid refrigerant, the 
heat absorbed by the brine during the shut-down period and the heat 
that is absorbed by the tank during the operating period is extracted. 
The brine in this manner is cooled a few degrees during the operating 
period of the compressor, and is warmed by the absorption of heat 
during the shut-down period. The heat that is absorbed is shown by 
a change of temperature, and is thus the sensible heat of the brine. 

The amount of heat that will be absorbed by the brine depends 
upon the weight of the brine, the specific heat, and the temperature 
range, and may be expressed in a formula as follows: 

H=WXSX(t,-tO 
where H = heat absorbed by brine 
W = weight of brine 
S = specific heat of brine 
ti = higher temperature 
tj = lower temperature 

The heat absorbed by one cubic foot of brine having a specific 
gravity of 1.2, a specific heat of 0.7, and temperature range from 6° to 
22® F., may be calculated as follows: 

H = (62.5 X 1.2) X 0.7 X (22 - 6) 

— 840 Btu. per cu. ft. 
or 840-^75 = 11.2 Btu. per Ib. 
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The desirable disposition of the holdover tanks and coils may be 
seen by an inspection of Fig. 106. 

Part of the direct expansion piping is immersed directly in the 
brine, while the rest is exposed to the air. The coils and tanks should 
be located in bunkers, as shown, to facilitate the vigorous circulation 
of the air. The tank coil and the adjacent room coil should be con- 
nected in series, and fed by one expansion valve, feeding through the 
brine tank coil first. The exact arrangement of tanks and coils will 
depend upon the plant condition, the size of the room, etc. 
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Fig. 10$. — Rooms with Holdover and Congealing Tanks. 


In estimating the amount of pipe coil surface for a holdover tank, 
the usual heat transfer coefficients may be used. However, it must be 
remembered that the heat removed by the pipe coil is that absorbed 
during the shut-down period, together with that which is absorbed 
while the refrigerating plant is in operation. Also, it should be re- 
membered that the amount of heat absorbed by the coils exposed to 
the air is reduced by the amount that is absorbed by the cold holdover 
tank surfaces. 

The size of the holdover tanks depends not only upon the necessary 
volume of brine that is required, but also upon the amount of heat 
that must be absorbed from the air by the cold surfaces. In estimating 
the amount of surface that is required the usual heat transfer coeffi- 
cients (equivalent to approximately one-half of those of the direct 
expansion pipes) may be used. The heat transfer coefficient for the 
holdover tank surface, of course, must be reduced as the temperature 
difference is reduced. 
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Congealing Tanks.-C.ingcaling tanks serve the same general luir- 
I "SC as holdotci tanks, but they operate on a different ])rinciple They 

or Ics" ‘‘ '>'-ine, which freezes or congeals wlo a more 

c.s solid mass during the operating period of the refrigerating 
P ant. This type o lank ,s used on the smaller rooms for the purpose 

The^in'k*"" ’"'l i' "n"'" '''^f'‘'ff':''ating plant is not in operation, 

e tank absorbs the heat that is transmitted by the insulation and 

ani other heal, causing the congealed mass in the tank to melt. The 
n.nc.pal part of the refrigeration is produced by the melting of the 
irozen brine, thus making use of the latent heat of fusion. Advantage 
111,11 be taken also ol the sensible heat of the brine before and after it 
ircczes, (Uic to a temperature change. 

Calcium chloride is generally used in congealing tanks, because it 

s best suited for the purpose. The calcium chloride brine solidifies 

.1 d then melts a more suitable manner than common salt or sodium 

chloride hiinc. This is due to the fact that calcium chloride does not 

seem o form such large crystals of the solid substance as sodium 

ch onde. but remains in the form of small crystals which are disposed 

)e w een the larger crystals of ice. Upon melting, the calcium chloride 

enters readily into a solution with the water which is formed from the 
melting ice crystals. 

Ilowever. common salt or sodium chloride brine may be used in- 
stead of calcium chloride, regardless of the fact that it may not give 
<iiiitc as desirable .service. 


'Die refrigeration produced by the congealing or frozen brine type 
ot holdover tank may he realized by means of the following calcula- 
tions. With this type of tank a freezing temperature of 10* to 15® F. 
may he selected, depending upon the temperature of the room and the 
temperature of the ammonia in the cooling coil. If a freezing tem- 
lierature of 10° F. is desired, a solution containing about 16 per cent 
of dry calcium chloride would be used. As the dry calcium chloride 
must have water equivalent to one-third of its weight for water of 
crystallization, the water available for freezing would be as follows: 


100 — (16 -f 0.333 X 16) = 78.67:i 

U.sing a latent heal of fusion of 1-14 Blu. per pound, the heal that 
would he available in thawing would he: 


0.7867 X 144 — 113.28 Btu. per lb. 

Tn order to compare the amount of heats that are available for re- 
frigeration in both the concentrated brine holdover tank and the frozen 
brine type, working between 6® and 22® F., the sensible heat of the 
brine before and after freezing may be determined as follows, if the 



METHODS OF DISTRIBUTION OF REFRIGERATION 337 


specific heal of the brine is assumed to be 0.75 ami lhal of llie frozen 
brine lo be 0.5 : 

(22- 10) X 0.75= 9.0 Btn. 

(10- A)X0.5n = 2.nnui. 

Assuming the latent heat of fusipn of calcium chloride to be 73 litu. 
per pound, the heat required to melt the small amount of calcium 
chloride would be: 

0.16 X 73 = 11.68 Btu. 

The total refrigeration per pound would be: 

113.28 +9.0 + 2.0 + 11.68 = 135,96 Btu. 



Fig. 107. — Principle of Operation of Flooded Systems. 


Comparing this with the amount of refrigeration produced by the 
concentrated brine type, it will be observed that the frozen brine type 
has a very much larger cooling capacity for similar conditions. The 
ratio in this case is 135.96-7^x11.2 = 12.15. This means that the con- 
gealing type tanks are relatively small in volume, as compared with 
the concentrated brine type. It is evident that the congealing type of 
tank would require a smaller amount of calcium chloride, and that a 
lighter tank and room construction could be used. 
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I he arrangement of the direct expansion coils, the tank coil, and 
the congealing tank in a small cold storage room is shown by Fig. 106. 

Other Apparatus for Direct Expansion.— There are many other 
foims of apparatus which may be used for the direct evaporation of 
the refrigerant. The forms of apparatus vary with each individual 
plant and requirement. Such forms as double- and triple-pipe con- 
struction, shell-and-tube, shell-and-coil, etc., are the most common. 

Such apparatus may be used to cool various liquids, vapors, and gases 
in industrial plants. 


Flooded System of Evaporation.— The tlootled svstem is one in 
u huh the evaporating .surface is partially covered wflli the liquid rc- 
Irigorant, as would be implied by the name, l-vaporating surfaces 
such as pipc-coil.s doul)lc-pipc apparatus, etc., may be operated in this 
niannei. 1 he jirinciple of operation may be a.scertaincd by an inspec- 
tion of Fig. 107. The apparatus in this figure consists of the following 
principal parts: an accumulator (A) : an expansion valve (B) ; a check 
valve (C) : an evaporating coil (D) ; and a suction connection (E), to 
the refrigerating machine. The warm high pressure liquid refrigerant 
is admitted to the tank or accumulator (A), through the regulating or 
expansion valve (B). Since the accumulator (A) is connected to the 
refrigerating machine through the connection (E), the pressure in the 
accumulator is \'ery near the suction pressure at the machine. The 
warm liquid refrigerant admitted by the regulating valve (B) is cooled, 
therefore, in the accumulator to the saturated temperature correspond- 
ing to the suction pressure. The vapor thus formed passes out through 
the suction connection (E) to the refrigerating machine, while the 
cool liquid in the bottom of the accumulator is led to the evaporating 
coil (D) through the liquid line and the check valve (C). The check 
valve is inserted in the liquid line to insure positive operation of the 
apparatus, since vapor formed in the lower part of the evaporator 
may have the tendency to pass back through \he liquid connection to 
the accumulator, 

The refrigerant thus enters the evaporating coil as a liquid and con- 
tains none of its vapor. As the refrigerant passes through the evapora- 
tor it becomes partially evaporized due to the absorption of heat in 
the refrigerator, and then passes back to the accumulator as a mixture 
of liquid and vapor. The accumulator is arranged so that it really acts 
as a separator, allowing the vapor to be taken to the refrigerating ma- 
chine through the suction connection (E) and permitting the entrained 
liquid to be deposited in the bottom of the accumulator. The liquid . 
accumulates here, and with that admitted through the regulating valve 
(B), returns to the evaporator, thus making the action continuous 
and positive. 
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ll will be noted that the flow of the liquid refrigerant is due to the 
effect of gravity principally, so that this system of evaporation may 
be termed the gravity feed system. It will be further noted that the 
term flooded is used to designate the condition of the interior surfaces 
of the evaporator, and that strictly speaking the surfaces are not 
flooded, because the vapor required to produce the refrigerating effect 
must necessarily be in contact with the surfaces. The action in the 
flooded evaporator is quite similar to that of a water tube boiler for 
steam generation. The refrigerant in the evaporator is in the form of 
a mixture of the liquid and vapor, as indicated by Fig. 107. The ex- 
pansion valve (B) must be regulated so that the liquid level is main- 
tained at a certain point in the lower part of the accumulator. 

It is important to notice the relative advantages and disadvantages 
of the flooded system, together with the causes for same. The principal 
advantage is that of simplicity of operation. A multiplicity of pipc- 
coils and double-pipe coolers may be connected to suitable liquid and 
suction headers, which are in turn connected to an accumulator, having 
a single liquid connection. The number of valves to be regulated arc 
thus greatly reduced, making the actual operation of the evaporating 
system more simple. It regulates automatically the suppply of refrig- 
erant to each section of the evaporator, supplying the refrigerant in 
proportion to the refrigeration requirement. 

In addition, the accumulator eliminates the entrained liquid from 
the suction vapor, thereby making the plant safe from priming acci- 
dents. The vapor returns to the refrigerating machine very nearly 
saturated and only slightly superheated. In a compression plant, the 
compressor would then be under the most favorable operating condi- 
tions. Also, due to the fact that the interior surfaces of the evaporator 
are partially covered with liquid, and due to the fact that the velocity 
of the mixture is quite appreciable, the rate of heat transmission is 
good. This would mean that a lesser amount of surface may be used, 
or a higher suction pressure may be employed. The principal dis- 
advantage of this method of evaporation lies in the fact that a large 
amount of liquid refrigerant must be used to charge the system. 

The flooded systems may have different methods of connections as 
shown by Fig. 108. In the first method, the warm liquid refrigerant is 
led through a liquid cooling coil, which is placed in the accumulator, 
and is then admitted to the accumulator through the expansion valve. 
The vapor formed by the cooling of the liquid goes directly to the re- 
frigerating machine. The precooled liquid then flows by gravity into 
the evaporator. If the expansion valve is not properly regulated, the 
vapor leaving the accumulator may become slightly superheated ; also, 
the transfer of heat to the liquid refrigerant in the bottom of the ac- 
cumulator may cause more or less violent boiling of the refrigerant. 
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111 the second method, the operation is the same as that previously 
described. 

In the third method, the warm liquid refrigerant is led through the 
liquid precooling coil in the accumulator, after which it is expanded 
directly into the evaporator. In this system, the liquid is separated 
from the return vapors and the warm liquid is precooled, but the liquid 
is not fed by gravity. The warm liquid is cooled by evaporation of the 






Fig. 108. — Methods of Connections for Flooded Systems. 


excess liquid from the evaporator. Unless the expansion valve is 
properly regulated, superheating of the suction vapor may occur. Also, 
this method does not utilize the effect of the velocity of the rapid cir- 
culation of the refrigerant through the evaporating coil. 

In the fourth method, the warm liquid refrigerant is fed directly 
into the evaporator. The liquid that is separated from the return vapor 
is fed by gravity back to the evaporator. The vapor formed at the 
expansion valve due to cooling the liquid to the lower temperature, 
of course, must pass through the evaporator. 
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The flotKled system may be used to an advantage on low lempcra- 
lure refrigeration work. It is used quite extensivclv on the direct 
expansion sharp freezers, ice cream hardening rooms, and other low 
temperature applications. It is also used on such refrigeration work 
as ice making, etc. 

Mr. Thomas Shipley read a paper entitled ■’Recent Uevclopmcnls 
in Evaporating Systems” on April 19, 1928. before the idiiladeliihia 
Chapter of the National Association of Practical Refrigerating Engi- 
neers, in which he described certain research and test work on a new- 
type of evaporating coil called a “Herringlnme Coil.” 

Fig. 109 shows the design of this coil in which the pipe is cut into 
short lengths and w'elded into the headers as shown. 

The extensions of the pipe into each of the headers assist in giving 
freedom of access to and egress from the evaporating pipes. 

The cross-section of the herringbone coil in three sections, single, 
double, and triple pipe-coils, is shown in Fig. 110. 

The rate of heat transfer adopted for this design of coil is 100 Btu. 
per sq. ft. per hour. The records obtained from 36 installations of this 
type of vertical trunk evaporators show that the average transfer of 
heat obtained w'as 127.3 Btu. 


The tabulation covering safe commercial requirements of freezing 
systems embodying this type of coil through the ranges usually called 
h^m ice making plants has been compiled for a heat transfer rate of 
100 Btu. per hr. per sq. ft., and the figures shown in Table 62 will be 
found very useful for the purpose of determining the possibilities of 
the vertical trunk freezing system of the herringbone design under 
(lifterent brine temperatures and evaporating pressures. The figures 
enclosed in circles in the tables are conditions which arc considered 
good commercial practice under the A. S. R. E. Standard-that is, at 
lh5 .lbs\ condensing pre.ssure and 20 lbs. evaporating pressure. The 

the possibilities of this freezing system under a 
suthcient range of conditions to meet any duty ordinarily required in 
freezing ice. 


For the purpose of comparing the efficiency of the herringbone de- 
sign of freezing system with the design of freezing systems used in a 
great number of ice plants in the United States the computations 
shown in Table 63 have been prepared. This table has the same char- 
acteristics as Table 62, except it is compiled for freezing systems made 
up of vertical continuous coils, using a heat transfer of 15 Btu. 

An examination of Tables 62 and 63 will disclose the fact that they 
are exactly alike except the pipe requirements per ton and the brine 
velocity over the evaporating surface. 

The difference of pipe requirements is directly attributable to three 
conditions: The length of the pipe runs: the method of feeding the 



Fig. 109. — Longitudinal Section Herringbone Coil 
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,c fiKiires in circles arc our recommendation for A. S. R. E. standard conditions 
ns Refrigeration per ton Ice 1.67 Heat Transfer KHI B.t.u. 
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retrigeranl into the coils; the velocity of the brine passing over the 
surface of the pipe in which the refrigerant is evaporated. 

In the herringbone freezing system the length of the pipe runs are 
from 7Yi to 15 ft. for 1%-in. pipe. The coils are kept as full of the 
refrigerant as it is possible to do so under the working conditions by 
float control. The velocity of the brine passing over the evaporating 
surface is kept as near as possible to 150 ft. per min. 

Fig. Ill illustrates another type of flooded coil system. It is called 
a “paraflow” coil. An accumulator, located at one end of this coil, 
contains a float control valve. The accumulator is connected to suc- 
tion and liquid headers as shown. These headers in turn are connected 
to vertical rows of pipe coils. The liquid ammonia is admitted to the 
accumulator by the float control valve. From the accumulator the 
liquid ammonia flows to the liquid header and thence into the vertical 
coils, by way of a header located at the opposite end of the coil. The 
ammonia passes through the various pipes of the coil and then into 
the suction header. From here the gas goes onward to the compres- 
sor and excess liquid is returned to the accumulator, where it can again 
be re-admitted to the liquid supply header. 

* 

Brine Distribution Systems. — Refrigeration may be produced in 
rooms or other compartments by the cooling action of cold brine. The 
evaporator for the refrigerant cools the brine which is then circulated 
through the rooms to be cooled. The brine rises a few degrees in tem- 
perature, thereby absorbing the necessary amount of heat. The brine 
may be circulated in the rooms to be cooled by various means. 

One of the principal advantages of the brine system is that the 
compressor may be stopped for a short lime, since the brine will main- 
tain a satisfactory temperature for a short period generally. The re- 
frigerant may be isolated in the machine room. However, the brine 
system is somewhat more expensive to operate, since a lower suction 
pressure must be used. The brine system also maintains more uniform 
room temperatures than the direct-expansion system. 

Various means have been adopted for distributing the brine in the 
rooms to be refrigerated. In all of the various methods, the same 
general considerations relative to air circulation apply to brine piping, 
as well as to direct-expansion piping. Closed pipe coils are generally 
used. These are arranged in bunker lofts, or on the ceiling of the 
rooms, according to the requirements. Sometimes, in packing houses, 
spray nozzles are used to spray the brine directly into the air to be 
cooled. These nozzles are arranged in suitable bunker lofts. Other 
systems, such as the sheet system, the open pan system, the cast-iron 
section .system, etc., may be used. 
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Brine Coils.— Brine pipe coils are arranged in the same general way 
as direct-expansion coils. Provision should be made at all times for 
the vigorous circulation of the air. The length of the individual pipe 
coi s depends upon the permissible velocity of the brine and the amount 
to be circulated. The length, also, would depend upon the local con- 
ditions in the plant. Since more brine per ton of refrigeration is cir- 
culated generally at low temperatures than at high temperatures, the 
individual coils are smaller for low temperature work. A coil contain- 
ing from 100 to 120 ft. of pipe is fed by one feed valve on low tempera- 
ture work, while a coil containing 400 to 440 ft. may be used per feed 
valve on high temperature work. The pipe sizes vary from U4-\n. to 
2>^-m., the smaller sizes being used on the smaller rooms. 

In laying out brine coils and lines, especial attention should be 
J^nven to the elimination of all unnecessary friction in such coils and 
lines. The loss due to friction is a continual one, while the installation 
of sufficiently large pipe is a question of initial cost. 

Amount of Brine Piping. — The relative amount of brine piping to 
be installed to produce a certain amount of refrigeration depends upon 
the temperature to be maintained and the average temperature of the 
brine. The magnitude of the temperature difference between the room 
and the brine and between the brine and the boiling refrigerant de- 
pends upon the economic consideration, such as the cost of producing 
refrigeration, cost of equipment and insulation, relative size of plant, 
etc. As in the use of direct-expansion pipe, the temperature differences 
\ ary with the relative temperature of the room, being smallest at the 
lower temperatures. The larger amount of brine pipe surface will 
produce the more economical operating conditions, due to the fact that 
the suction pressure on the refrigerating machine may be carried at 
a higher point. 

In the event that brine is used for the production of refrigeration, 
the total temperature difference between the room and the ammonia 
is somewhat greater than when direct-expansion of the ammonia is 
used, due to the fact that the brine must be a few degrees below the 
room temperature, and that in turn, the ammonia temperature must 
be a few degrees below the brine in order to remove the heat. 


The following tabulation shows the variation 
differences with the room temperature: 

of the 

temperature 

Room temcerature. dp?. F 

-10 

0 

10 

20 

30 

40 

50 

Brme temperature, deg. F 

-20 

-12 

-4 

4 

12 

20 

28 

Temperature difference, deg. F... 

10 

12 

14 

16 

18 

20 

22 

Room temperature, deg. F 

-10 

0 

10 

20 

30 

40 

SO 

Ammonia temperature, deg. F 

-28 

-20 

-13 

-6 

1 

8 

13 

Temperature difference, deg. F 

18 

20 

23 

26 

29 

32 

37 

Brine temperature, deg. F 

-20 

-12 

-4 

4 

12 

20 

28 

Ammonia temperature, deg. F 

-28 

-20 

-13 

-6 

1 

8 

13 

Temperature difference, <leg. F 

8 

8 

9 

10 

11 

12 

IS 
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The following tabulation shows the relative amounts of pipe coil 
surface that may be used for dift'erent room temperatures: 


Table 64.— Brine Pii'E Coil Surface in Sg. Ft. Per Ton of REFRtoKKAT on, 


Brine 

TcnincraUiro 



Ronni 

'rcmpcratiirc 



-10 

0 

'lo ■ 

1 20 1 

30 

“40 

1 50 

28 






400 

1.56 

20 





480 

172 

115 

12 




600 

212 

123 

91 

4 



800 

250 

132 

96 

75 

-4 



344 

143 

101 

78 

64 

-12 


400 

156 

107 

82 

66 

56 

-20 

480 

172 

115 

86 

69 

58 

49 


The values in the foregoing tabulation are surfaces per ton of re- 
frigeration per <lay. This surface may be transferred into equivalent 
lineal feel of anv suitable size pipe by multiplying the above amounts 
by the length of the particular size of pipe which has an exterior sur- 
face of one square foot. 

Brine coils enclosing the brine circulation are used on coolers, cold 
storage rooms, freezers, freezer storages, etc. It does not promote an 
excessive drying action which would atil’ect the amount of moisture in 
the materials that are stored. Frost and ice tend to accumulate on the 
cold surfaces, and suitable methods of removing same must be pursued. 



Brine Spray Nozzles. — Brine may be brought in direct contact with 
the air to be cooled by spraying it through suitable nozzles, which 
breaks the brine into small drops. This is termed the open type of 
brine system, and is used principally in meat chilling rooms in packing 
houses. The rapid circulation of the air, due to the action of the spray 
nozzles and the difference of gravities of the cold and warm air, cools 
the meat in a short time. Moisture from the meat (pork and beef) and 
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from the air is. of course, absorbed by the brine, which moisture will 
weaken the brine unless suitable means of concentration are adopted 
to keep the brine at the proper density. 

A typical application of brine spray nozzles to a hog cooler in a 
packing house is mdicalecl by Fig. 112. The nozzles and the brine 
supply pyes are located in a bunker loft. The bunkers, with their 
warm and cold air ducts, are usually made two sections or bays wide, 
and are insulated with corkboard as shown. The floor of the bunker 
is made brine-proof by the application of roofing and pitch. The par- 
titions for forming the warm and cold air ducts are insulated to pro- 
mote air circulation. 

The spray nozzles are placed 2 to 5 ft. apart, depending upon the 
relative size of the nozzles and the amount of brine to be sprayed. The 
nozzles will require generally an operating pressure of 8 to 15 lbs. per 
sq. m., being governed principally by the width of the bunker loft. The 
nozzles have openings varying from to 

The following tabulation gives the capacities of the “Spra-rite” 
spray nozzles which may be used for spraying brine i 


Capacity ‘‘Spra-riie” Brine Nozzles 


Pipe 

Conn. 

1 Orifice 

Capacity Gallons per Mmut 

Pounds Pressure 

1 SLbs. 

10 Lbs. 

15 Us. 

20 Lbs. 

14 in. 

Ho in. 


.50 

.60 

.70 

H in. 

% in. 

.90 

1.0 

1.2 

1.4 

Vi in. 

Ho in. 

2.0 

2.1 

2.5 

2.9 

in. 

k in. 

3.8 

4.0 

4.7 

5.6 


The efficiency of the brine spray system depends quite a bit upon 
the fineness of the brine spray. The nozzles should discharge a uni- 
form, finely divided spray. The system has a very low first cost, and 
since the pressure is quite low, the cost of operation is minimal. The 
nozzles, of course, require a certain amount of care and regulation. 
They must be kept from becoming clogged with foreign matter. 

Brine Coolers. — Three principal forms of apparatus are used for 
cooling the brine in refrigerating plants. These are the coil-and-tank 
type, the double- and triple-pipe brine coolers, and the shell-and-tube 
multipass brine coolers. 

In the coil-and-tank type an open tank contains submerged pipe 
coils for the direct expansion of the refrigerant, which is most gen- 
erally ammonia. The warmer brine is led over these coils and thereby 
cooled a few degrees before it leaves the tank. The initial cost is 
greater than that of the other types of coolers, but certain operating 
risks are reduced. The brine may become weakened, due to the ab- 



METHODS OF DISTRIBUTION OF REFRIGERATION 351 


sorption of moisture, and the result would be that it would freeze at a 
higher temperature. In the case of an open tank, the only resultant 
difficulty would be the formation of ice on the evaporator coils, which 
would reduce their capacity. 

In smaller coil and tank brine coolers the only circulation of brine 
is that due to the main brine pump. This results in a slow movement 
of the brine over the coils, with the resultant lower heat transfer rate. 

In larger coil and tank coolers, the brine is circulated over the coils 
rapidly by means of motor-driven brine circulators, usually of the pro- 
peller type. Such brine tanks are commonly equipped with suitable 
bulkheads and partitions for directing the brine flow over the coils. 
This increased brine circulation causes a material increase in heat 
transfer rate of the coils. 

The direct-expansion coils are arranged usually in the form of sec- 
tions suitable for submerging directly in the brine in the tank. The 
sections of the coils may be connected to common liquid and suction 
headers. The coils are usually made of 1-in., Ij4‘in. or 2-in. pipe. 

In the double- and triple-pipe brine coolers, the refrigerant is evap- 
orated in the annular spaces between the pipe, while the brine flows 
through the internal pipes. This type of cooler may be used readily 
on the closed system of circulation, in which no moisture is absorbed 
by the brine. It is also applicable to the balanced system of circulation. 
It has the disadvantage of having a multiplicity of joints, and it is open 
to the danger of the brine becoming frozen in the tubes, if the brine is 
allowed to become weakened due to the absorption of moisture. 

In some cases it is ad\ isable to use an evaporating pressure control 
device, for the purpose of limiting the pressure in the cooler and 
thereby protect the cooler from the danger due to freezing of brine. 

Double-pipe and triple-pipe brine coolers are usually made in sec- 
tions which are 12- to 16-pipes high, these sections being connected to 
common liquid and suction headers. The brine connections are like- 
wise made to common brine return and supply headers. 

The double-pipe brine coolers are usually made of V/i-in. and 2-in. 
pipe, or 2-in. and 3-in, pipe. 

The shell-and-tube brine cooler as illustrated by Fig. 113 consists 
of a shell which has suitable heads for retaining the tubes. Heads en- 
close the brine circulation, causing the brine to pass the entire length 
of the cooler several times. The brine flows through the tubes while 
the refrigerant is evaporated in the shell. They are open to the danger 
of the brine becoming frozen in the tubes, but, on the other hand, they 
have a very small number of joints. They are readily applicable to 
the closed system of refrigeration. 

Shell-and-tube brine coolers of the single-pass type are used in 
many open systems such as ice tanks, brine tanks, and water cooling 
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tanks. Usually the l•rinc is forced 
thrtnigh the coolers I)y means of a 
motor-(lri\ cn propeller located at 
one end of the cooler. A typical ar- 
rangement of an ice lank usinpf a 
shell-and-tuhc cooler is shown in 
114. 

1 he double-pipe and shell-and- 
lube brine coolers may be protected 
somewhat from harm due to freez- 
ing of the brine in the tubes by in- 
stalling an alarm on the brine dis- 
charge line from the cooler tr) give 
a suitable warning when the flow of 
brine is stopped or i)artially stopped, 
with ice. 



Fig. 113. — Shell-and-Tube Brine 
Cooler with Ammonia Level 
Indicator. 


due to the clogging of the tubes 


Shell-and-tube brine coolers may be installed in vertical position 
also, thus allowing the brine to drop through the tubes in one single 
pass. In this case the top of the shell is provided with a brine distribut- 
ing box ; the base is provided with a brine collecting tank; the cooler 
then operates on the open system. 

Brine coolers are usually insulated when installed in insulated 
rooms. Any of the foregoing forms of brine coolers may also be used 
for the cooling of water. Of course if double-pipe or shell-and-tube 
types are used for cooling water, then special precautions must be 
taken to prevent freezing of water in the pipes or tubes. 

The following tabulation gives the amount of shell-and-tube brine 
cooler surface in square feet required for one ton of refrigeration and 
various temperatures of brine and refrigerant. The tabulation is 
based on a heat transfer coefficient of 80 Btu. per sq. ft. per deg. of 
mean temperature difference. 


Table 65. — Shell-and-Tube Brine Cooler Surface 
Sq. Ft. Per Ton ok Refrigeration. 


Av. Brine Temp. 
Deg. F. 

-25 

-20 

Refrigerant Temp. Deg. F. 
-15 -10 -5 0 5 

10 

15 

20 

25 
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Brine Circulation Systems. — Cold brine may be distributed in the 
refrigerated room by either of two methods. In the first method, the 
brine pump takes the warm brine from a collecting tank in the machine 
room and discharges the brine through the brine cooler into the piping 




Fig. 114. — Typical Arrangement of Tank Using Brine Cooler. 


system. After passing through the brine coils, it returns again to the 
machine room. In order to keep the pipe full of brine and to keep the 
brine under pressure, a reducing valve is placed on the brine return 
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line at a point just before it enters the collecting tank. This type of 
circulation system may be used when the height to which the brine 
must be pumpeci is not excessive. 

In larger installations and in plants where the head against which 
the brine must be pumped is large, use is made of the balanced system 
", ^^"■cwlation. This system is shown diagrammatically by Fig. 115. 

1 his hgure shows a closed brine system as applied in a modern pack- 
ing house. A shell-and-and tube brine cooler*is shown. A balance 
tank IS located on top of the building, well above the highest brine coil. 

I he brine pump and coolers may be located in the basement or on the 
first floor. The pump suction is taken from the balance tank and the 
pump discharges the warm brine through the coolers. 

The cold brine leaving the brine coolers passes through the coils in 
the various rooms and the brine is then collected and returned to the 
)alance tank at the top of the building. The pumping head is thus 
reduced to the difference of the levels of the brine in the tank and the 
Uip of the tank. The power required for pumping is that for overcom- 
ing the pipe friction, producing the velocity of the brine, and for over- - 
coming the other small losses. The pipes are maintained full of brine 
in a positive manner at all times in this system. 

A defrosting system is provided for the coils in the hog and beef 
coolers. This is accomplished by keeping the coil surfaces wetted 
with brine. As moisture is absorbed by this brine, a concentrating 
apparatus must be provided as shown. The concentrator is simply 
an apparatus for evaporating some of the water out of the brine by the 
application of heat. 

Fig. 116 illustrates a balanced brine system, which uses the spray 
cooling system in the beef and hog coolers. 

Amount and Kind of Brine. — Calcium chloride brine is generally 
u.sed, since it has desirable operating characteristics. It does not seem 
to attack the metals of the system so readily as brine made from sodi- 
um chloride and it has lower freezing temperatures. In packing houses 
and other industrial applications where the brine is distributed in an 
open flow through nozzles and the like, sodium chloride brine is gen- 
erally used. This is due to the fact that occasional splashing of sodium 
chloride brine on commodities does not have an injurious effect. 

After the kind of brine has been determined, the amount to be cir- 
culated may be readily estimated. Under general considerations, the 
temperature range of the brine will be found to vary from 3® F. to 6® F. 
in passing through the room coils. The temperature range and the 
specific heat directly determine the amount of brine to be circulated 
to absorb a given quantity of heat. The heat absorbed by the brine 
may be determined by the following formula: 
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Pig« 115. — Closed Brine Circulating System. 
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H=WXSX (ti-t.) 

w here H = heat to be absorbed 

\V = weight of brine in pounds 
S = spec, heat of brine 
ti = higher brine temperature 
tj= lower brine temperature 

Thus, it may be desired to determine the amount t" be circulated 
per min. per ton of refrigeration, when calcium chloride brine, having 
a specific gravity of 1.200 and specific heal of 0.700 and warming from 
8“ F. to 12° F., is used. 

200= W X 0.700 X (12* - 8“) 

200 

\V = 71.4 lbs. per min. 

0.700 X (12-8) 

Since tlie specific gravity is 1.2(X), a gallon of the brine would weigh 
8..13 X 1.200 = 10.0 lbs. approximately. The gals, per min. per ton of 
refrigeration would be found as follows: 

71.4 10 = 7.14 g.p.m. per ton 

Forced Air Circulation System. — The forced air circulation system 
for distributing refrigeration is sometimes termed the indirect system 
of refrigeration. In this system, air is cooled and then blown into the 
rooms or spaces to be refrigerated. The refrigerating coils, which con- 
tain brine or volatile refrigerants, are placed generally in a space called 
the bunker room. A fan draws in the air from the outside or from the 
rooms, and then discharges the warm air across the refrigerating coils 
in the bunker room, which is a sort of central cooling station for the 
several rooms of the plant. 

After being cooled, the air leaves the bunker room and passes into 
a duct system which is connected to each room or space to be so re- 
frigerated. The air, upon being circulated through the rooms, rises a 
few degrees in temperature, thereby producing the desired refrigerat- 
ing effect in the rooms. The air thus produces the refrigeration by 
means of its sensible heat. In most cases, the warm air is collected 
by a duct system and is then led back to the suction side of the fan to 
be mixed with fresh air from the outside. 

Treatment of the Air. — Practically, certain refinements must be 
introduced into the system in order that desirable results may be ob- 
tained. The air from the outside often contains excessive amounts of 
moisture, dust, smoke, etc., which would make it unfit to be introduced 
into a room in a cold storage warehouse. It is therefore necessary to 
wash the air before it is used. The fan generally draws in the fresh 
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air from the outside through a shower of water and then discharges it 
through the bunker room. Moisture will freeze on the refrigerating 
coils, so that suitable means of keeping the coils free from ice and 
frost must be adopted. 



Fig. 117. — Forced Air Circulation Distribution Systems. 


As the air leaves the bunker room it is, of course, in a saturated 
condition, so that the humidity must be regulated in some manner. 
This is usually accomplished by cooling the air several degrees below 
the room temperature and then by heating it or by exposing the air to 
some drying substance such as calcium chloride in the solid form. 

Location of Air Ducts in Rooms. — The proper location of the cold 
and warm air ducts in the cold storage rooms and spaces is a consid- 
eration of primary importance to the successful operation of the sys- 
tem. The duct system should be arranged so that there is a uniform 
and vigorous circulation in all parts of the rooms. Various methods of 
distributing the air have been devised. These consist of ducts located 
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on walls, floors, and ceilings, in connection with perforated walls, 
ceilings and floors. Various arrangements are shown by Fig. 117. 
Warm and cold air ducts, located on the ceiling, are used quite exten- 
sively. The arrangement with cold air duct and perforated floor, and 
warm air duct and perforated ceiling gives a uniform air circulation 
in all parts of the room. It will be observed that the local conditions 
in the plant have quite a bearing on the design of the air distribution 
system. 

Amount of Air Required. — The amount of air to be circulated de- 
pends upon the quantity of heat to be absorbed and the permissible 
rise of temperature. Generally, when the fan draws air from the room 
directly, the temperature rise will vary from 3® to 8® F., which will 
produce desirable conditions in the room. 

Thus, the volume of air to be circulated to absorb heat at the rate 
of one ton of refrigeration per day when warming from 32® F. to 37® F. 
may be determined as in the following; From the formula given in 
Chapter XVI, the approximate specilic heat of the air at the room 
temperature may be determined to be 0.2414. 

The weight of air in lbs. per min. may be found from the following 
formula : 

H = W X S X (t. - to 

where H = heat to be removed 

W = weight of air in pounds 
S = specific heat of air 
ti = outlet air temperature 
tj“ inlet air temperature 

Then, since S = 0.2414, t. = 37, and tj = 32, 
the weight is readily found : 

200 = WX 0.2414 X (35* - 32*) 

200 

W = = 165 lbs. per min 

0.241 X 5 

Also, from Table 90, page 495, the volume of air per lb. will be seen 
to be approximately 12.5 cu. ft. per lb. The volume of air per min. 
per ton is then equal to : 

165 X 12.5 = 2060 cu. ft 

After the various volumes of air to be used have been ascertained, 
the duct systems may be laid out, the size of the fan and motor deter- 
mined, and all other details of the system completed. 

Considerations of Forced Air Circulation. — The following are some 
of the most important considerations of the forced air circulation for 
distributing refrigeration. By means of this system it is possible to 
maintain an accurate control over the temperatures in all parts of the 
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rooms, the relative humidity, and the purity of the air. By maintaining 
the correct humidity, excessive evaporation of the moisture from the 
matei ials stored in the rooms may be avoided. By proper arrangement 
of the duct system, not only will uniform temperatures be maintained 
in all parts of the room, but also much more space is available for 
storing materials. The relative amount of pipe surface for cooling the 
air is apj)reciably smaller than when the gravity air circulation system 
is used. With a properly designed duct system and a suitable fan, the 
power for circulating the air should amount to only a small quantity. 
Due to the fact that the system as a whole has several desirable char- 
acteristics, it is used and should be used in the larger cold storage 
ri loms. 

Unit Type Air Coolers and Conditioners.— One of the latest devel- 
opments in the distribution of refrigeration in cooled rooms and build- 
ings is the unit type air co(»lcr and conditioner. 

The use of air cooling and conditioning equipment of the forced 
air type has been quite extensive in many commercial applications of 
refrigeration, such as the cooling of theatres and auditoriums, and the 
cooling and conditioning of air to produce definite temperatures, as 
well as certain humidities in industrial plants where such requirements 
are necessary. In most of the earlier applications of this kind the 
air cooling and conditioning machines were of the large centralized 
type. 

One of the latest developments along the same lines as used in 
the larger plants is the design and perfection of small unit type air 
cooling and conditioning machines which may be used for producing 
refrigeration in the smaller rooms. These unit type air coolers and 
c»)nditioners are constructed as a complete air cooling and conditioning 
machine with all the essential products incorporated in same. 

The extensive use of unit type air coolers and conditioners for 
small and medium size rooms is due to a number of factors. In the 
first place when unit type air coolers and conditioners are used for 
refrigerating rooms it has been found that better conditions are pro- 
duced in the room. In other words, goods which are stored in rooms 
cooled by this type of equipment keep better due to the fact that there 
is a positive circulation of the air throughout the room, there is a 
uniform temperature throughout the room and the goods, thus elimi- 
nating dead air pockets and stagnant air which tends to increase the 
growth of mold and other deteriorating effects on the goods. 

The use of the forced air principle in distributing the refrigeration 
in the room also tends to decrease shrinkage of the products stored in 
the room. Generally it will be noticed that the air is purer in a room 
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cooled by unit air coolers and conditioners than when the conventional 
type of refrigerating coils are used. 

Mechanically speaking, the units are self-contained, are compact, 
and occupy a minimum amount of space in a room. They also elimi- 
nate expenses due to construction of overhead drip pans and bunkers 
which are sometimes necessary when refrigerating piping is used in 
the room. 

Another advantage which sometimes is quite important is the 
facility with which the coils may be defrosted. In the case of using 
dry cooling coils in the unit air cooler, the frost will, of course, tend 
to collect on these coils, but in this case it is a much simpler matter to 
defrost a small bank of coils in a unit cooler than to defrost several 
hundred feet of piping distributed about the room and on the ceiling 
of a room. 

These things, in combination with others, are the reasons why 
unit type air coolers and conditioners have been developed, perfected, 
and are now in extensive use for producing refrigeration in all kinds 
and sizes of rooms at various temperatures, and they will continue 
to be used more and more. 

In the conventional design of unit type air cooler or conditioner, 
the air to be cooled is usually drawn in at the bottom of the casing, 
passes upwardly through the refrigerating coils and is then discharged 
by suitable fans through air distributing elbows or duct work into the 
room to be cooled. The air circulates through the ro(jm and then 
returns to the bottom of the casing. The refrigerating coils are located 
inside of the casings directly in the path of the air. 

Unit type air coolers may be divided into two principal classes. 
In the first class are those which contain dry refrigerating coils. 

In the case of the use of a volatile refrigerant, these coils may be 
constructed for the refrigerant in question, such as ammonia, carbon 
dioxide, sulphur dioxide, methyl chloride, etc. 

Also, if it is desirable, brine cooled in a central cooling plant may 
be circulated through the coils located in the air coolers. In this class 
of air coolers the problem of defrosting the coils may be handled in 
one or two ways. If the temperature of the refrigerated room is 
somewhat about 32® F., it is possible to install a number of unit air 
coolers so that each may be periodically shut down to allow the coils 
to defrost. 

Another method of defrosting the coils in this type of air cooler 
consists of a brine tank located under the unit, a brine pump for 
pumping the brine from the brine tank into suitable spray nozzles 
located above the pipe coils for the purpose of periodically spraying 
brine over such coils to remove any accumulation of ice or frost. 

In the second class of unit type air coolers and conditioners are 
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those which are equipped with tanks, pumps and spray nozzles for 
continually spraying water or brine over the cooling coils, as illustrated 
by Fig. 118. 

In this type of air cooler the air is drawn in at the bottom of the 
casing and passes upwardly through the refrigerating coil and brine 
or water spray, then through suitable eliminating plates into the fans 
which discharge the air into the room. The air in passing through 
this type of. unit is cooled principally by the action of the spray and 
ilie Iirine ()r water in turn is cooled by its contact with the refrigerating 

toil. 



Fig. 118. Hilger Unit Type Air Cooler and Conditioner. 

This type of unit may also be equipped with refrigerating coils 
suitable for any of the well known refrigerants. They also may be 
equipped with brine or water coils for receiving brine or water which 
has been cooled in some central cooling plant. 

In the case of the use of an air cooler or conditioner equipped with 
sprays for continually spraying brine or water over the cooling coils, 
the problem of defrosting the coils is practically eliminated. In the 
case of the use of brine, it is only necessary to re-strengthen the same 
at intervals to compensate for the moisture which has been condensed 
out of the air. 
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A number of various materials of construction have been used in 
the fabrication of air coolers and conditioners. The drip-pans, tanks, 
and casings located under these units are sometimes made of copper 
bearing steel, galvanized and painted. The refrigerating coils, either 
brine or ammonia type, are always galvanized. 



Fig. 119.— Air Cooling Unit with Suction Accumulator and Automatic Control. 

In the square type unit air coolers and conditioners use is com- 
monly made of a number of multi-blade fans mounted on a rigid fan 
shaft. This fan shaft is usually direct-connected to a motor by means 
of a flexible coupling. Both motor and fan shafts are supported on 
either ball or roller bearings. 

The flow of refrigerant to the refrigerating coils in the unit may be 
under either hand or automatic control. In most cases in which 
ammonia is used as a refrigerant, these units are commonly controlled 
by a device which automatically feeds the correct amount of ammonia 
to the coils in proportion to the actual refrigerating load on the same. 

In the case of the use of brine for the refrigerating medium, this 
may also be accomplished by means of an automatic brine control 
valve. 

In addition to the control of the refrigerant to the evaporating 
coils, additional control may be added to the unit for the purpose of 
automatically maintaining a given temperature in a given room. 
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The spray type air cooler and conditioner may be equipped with 
humidity controls for maintaining automatically the humidity desired 
in any room at any tein])erattirc. 

Both the dry and wet coil types of coolers and conditioners may 
be equipped with heating coils so that rooms in which these units 
are installed may be heated, should this be necessary. 



Fig. 120. — Ceiling Suspended Type Air Cooler. 

Due to the fact that various kinds of goods are stored in rooms at 
various temperatures, it is evident that the requirements of each 
room must be carefully analyzed before selecting the type and kind 
of air cooler or conditioner to use in such a room. Special attention 
must be given to kind of goods stored, the amount of the goods stored, 
temperature desired, humidity to be maintained, and the distribution 
of the cooled and conditioned air. 

Unit type air coolers and conditioners have been found to be 
especially useful for producing refrigeration in cold rooms, such as 
meat cooling and storage rooms, sausage cooling and manufacturing 
rooms, fruit and vegetable precooling and holding rooms, egg and 
butter storage rooms, milk and cream storage rooms, cold rooms in 
confectioneries and bakeries, etc. 

Unit type air coolers and conditioners are usually manufactured 
in all sizes and styles suitable for the smallest to the largest of rooms. 
In larger rooms more than one machine may be used. 
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Unit type air coolers and conditioners have passed entirely through 
the experimental stage, and at present really constitute an important 
factor in the distribution of refrigeration in cooled rooms and build- 


ings. . ... 

h'ig. 118 illustrates the construction of the Ililger unit type air 

cooler and conditioner as made by the X L Refrigerating Co. This 
unit is of the spray type. It is equipped with the necessary elimi- 
nators, brine pump, and automatic ammonia controls. 

Tig. lid illustrates the piping connections used on the floor type 
air cooling unit. It is also equipped with automatic ammonia controls. 

Fig. 120 illustrates the construction of small cooling units of the 
ceiling suspended type. The face of this unit is e(iuipped wiili air- 
directing louvers. The air is forced through tiie unit by means of a 
direct-connected motor-driven propeller fan. 


Extended Surfaces for Evaporating Units.— Various forms of ex- 
tended surfaces have been used recently on small evaporating units 


for small refrigerators, com- 
partments. and coolers. These 
extended surfaces are usually 
flat or curved surfaces or plates 
which are attached t«j tlie pri- 
mary evaporating pipe. Vari- 
ous materials and arrange- 
ments are used. Due to the 
particttlar disposition ol the 
pipes and extended surfaces, 
these evaporating units are 
commonly termed “(in coils." 

A Larkin tin coil evapora- 
ting unit is illustrated in Tig. 

121. In this coil the plates or 
fins are made of aluminum. The tubes or pipes are made of copj>er. iti 
fabricating the units especial attention is given to obtaining a good 
metallic joint between the fins and tubes. 

Another type of extended surface coil is illustrated by the Hilger 
“spiral-fin” coil, as shown in Fig. 122. In this coil, use is made of 
steel pipe for making the coil proper and its multi-feed header. The 
fin surface consists of helical shaped ribbons of steel which are attached 
to the pipes. The whole unit is hot-dipped galvanized after fabrica- 
tion ; thus insuring good contact between the fin surface and the ])ipes. 

The relative efficiency of the extended surfaces depends upon a 
number of factors such as kind of metal used, spacing of tubes or pipes, 
spacing of fins, method of attaching fins to pipes, etc. 



Fig. 121. — Larkin Coil Showing Details 
of Construction. 
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(,enerally speaking. ll,c lotal surface of a fin coil will be consider 
ably more than that of a plain cml used for the same purpose. Due 
to the use of more surface, its temperature may be carried at a higher 
I'oint, thus maintamin" a Ingher humidity in the refrigerated com- 
partment. hm coils are made in various sizes and shapes to suit the 
re(|inrenients of any refrigerator or cooler. 



Fig, 122.— Hilger Spiral Fin Coil and Multi-Feed Header. 
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QUESTIONS ON CHAPTER IX. 

1. Explain what is meant by “Direct-Expansion” of refrigerants. 

2. Explain how the location of coils and the use of aprons and 
baffles for refrigerating coils affect the circulation of air in the cold 
storage rooms. 

3. How many feet of 2-in. direct-expansion pipe should be installed 
in a cold storage room having a temperature of 40° F. if 576,000 Btu. 
must be removed every 24 hours, when the temperature of the am- 
monia is 15° F.? 

4. Explain the general principles of the action of holdover and 
congealing tanks. 

5. Describe the principles underlying the operation of the flooded 
system of evaporation, and enumerate its characteristics. 

6. Name some of the advantages of the brine system for distribu- 
tion of refrigeration. 

7. Describe the balanced brine circulating system and enumerate 
its advantages. 

8. How many gallons of calcium chloride brine must be circulated 
per minute to absorb heat at the rate of 100 tons per day of 24 hours 
if the brine warms from —12° F. to —8° F. in passing through the 
cold storage rooms? 

9. Describe the forced-air circulation system and discuss its char- 
acteristics. 

10. How many Btu. will be removed from the cold storage room 
by 15,000 cu. ft. of air, warming from 32° F. to 35° F. 



CHAPTER X. 


AUTOMATIC REFRIGERATION SYSTEMS. 


General Consideration. -The demand for automatic control of re- 
frigerating plants has clei)ended upon the development of the smaller 
refrigerating installations. During recent years many small refrig- 
erating systems ha\e been installed in meat markets, restaurants, 
apartment houses, hospitals, etc. In the majority of cases, these plants 
have been electrically driven, a condition which lends itself readily 
to the use of automatic control. Another consideration in favor of 
automatic control in these small refrigerating systems is the lack of 
proper attendance. Generally, the operator of these small systems has 
many other duties in addition to the operation of the refrigerating 
system. Furthermore, in most cases it is necessary only to operate 
the refrigerating .system for a part of the day. Thus, the systems are 
generally shut down during the nights. 

One of the earlier methods of producing a uniformity of tempera- 
ture in these small refrigerated rooms was a system of holdover and 
congealing tanks. These contained cold or solidified brine which 
supplied refrigeration during the long shutdown periods of the com- 
pres.sor. While these systems maintained a fairly uniform tempera- 
ture, additional space had to be provided for the tank. In considera- 
tion of these conditions, many of the smaller modern refrigerating 
systems are operating on the automatic basis. 

In general, the system consists of, in addition to the regular refrig- 
erating systems, a thermostat and an automatic electric control for 
stopping and starting the compressor motor, according to the variation 
of temperature in the cold room, together with an automatic expansion 
valve. 

Automatic Expansion Valve. — In order to maintain a constant 
suction pressure on the refrigerating system it is necessary to use an 
automatic expansion ^■alve of which there are many different types 
on the market. There are several of the common types of construc- 
tion. In one type the admission of the liquid to the low pressure side 
of the system is controlled by a spring operating against a steel plate 
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diaphragm. In this kind oi valve it will be observed that when the 
pressure on the liquid outlet side of the valve is reduced below a certain 
pre-determined point, the spring will act against the stem of the 
valve, thereby producing a slight opening at the seat. The liquid 
refrigerant, by flowing through this small orifice, reduces its pressure 
from that of the high pressure side to that of the low pressure side. 
The valve really operates on the well-known principle of a reducing 
valve. 

It is provided with a suitable strainer, through which the liquid 
refrigerant passes before it reaches the valve seat. Means are pro- 
vided for adjusting the action of the spring against the steel plate 
diaphragm. This controls the pressure below which the spring will 
cause the valve to open. Suitable means arc provided for removing 
the working parts of the valve for the purpose of regrinding the valve 
seat, should this become necessary. 

Thermostats.— For controlling the operation of an electric motor 
driving the compressor,’a thermostat is installed in the cold room. 
These thermostats are so constructed that when the tcmi)erature rises 
to a certain point, an electric contact is made thereby starting the 
compressor motor. After the temperature has been reduced to a 
certain pre-determined point, the thermostat makes another electrical 
contact which stops the compressor motor. These thermostats de- 
pend upon expansion and contraction of matter with the change of 
temperature for the making of the electrical contact. They are so 
constructed that they are very sensitive to changes of temperature, 
and so that they may be adjusted for different temperatures. Thus, 
the thermostat may be so adjusted that when the temperature rises 
to 44® F., it will make an electrical contact which starts the electric 
motor driving the compressor, and when the temperature is reduced 
to 40® F., another electrical contact is made which stops the com- 
pressor. 

Excess Pressure Relief Valve. — In order to protect the refrigera- 
ting system in case of failure of condenser water supply or the incor- 
rect manipulation of the valves on the system, it is generally advisable 
to provide valves for relieving the excess pressure. One of common 
type consists of a spring which gives movement to a plunger in pro- 
portion to the pressure. At a certain pressure, the plunger will be so 
displaced that it will operate a trigger which is connected to the main 
electrical switch or a suitable safety valve. 

To protect the refrigerating system against damage when the 
pressure on the high pressure side is suddenly reduced to zero, a low 
pressure relief valve is sometimes installed. One type of construction 
is very similar in construction to the excess pressure type. When 
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the pressure on the high pressure side drops below normal, due to a 

rupture in the system somewhere, the plunger is so operated by a 

spring that the weighted lever is tripped. This weighted lever can 

be used to control either the quick closing valve, or the main electric 
switch. 

Thermostatically Controlled Valves.-^For the purpose of facili- 
tating the operation of the automatic refrigerating systems, thermo- 
statically controlled valves have been devised. These valves are used 
tor the purpose of controlling the flow of the refrigerant, water or 
hnne. One valve is driven by a motor which is controlled by the 
operation of the thermostat. The motion of the motor is transmitted 
by suitable gears and cams to the valve stem, the valve stem being 
held against the cam by means of a spring. The small motors for 
•Inving these valves are wired for either alternating or direct current 
at 1 10 or 220 volts. With these valves, it is possible to control the 
temperature in the individual rooms which are cooled by either brine 
circulation or ammonia expansion. This is accomplished by placing 
nne of these motor driven valves on the brine or liquid line leading 
into the room, and by controlling this valve by thermostats located 
in the room. 

Semi-Automatic Refrigeration Systems. — In some refrigeration 
installations it is desirable to have the system work on the semi-auto- 
matic basis. In some instances, the refrigeration may be needed after 
the regular working hours, or some other conditions may be present 
which will make it necessary for the operator to be absent from the 
plant when the machine is closed down. The machine in this case is 
started by hand, after which the thermostat circuit is closed. When 
the temperature has been reduced to the desired point, the thermostat 
acts to close down the system completely. 

This system consists of an ammonia pressure circuit breaker, a 
pressure condenser water regulating valve, a thermostat, a thermo- 
statically operated switch, and an automatic expansion valve. The 
system is started by placing a three-pole double-throw switch in the 
thermostat circuit in the down position, and by starting the compres- 
sor in the usual manner. The system is protected from higher pressure 
by means of the ammonia pressure circuit-breaker, and the flow of the 
water to the condenser is regulated by means of the pressure within 
the condenser. 

When it is desired to have the thermostat shut down the system 
when the temperature has been lowered to a certain pre-determined 
point, the double-throw switch in the thermostat line is placed in the 
upper position. In this position the thermostat is connected to the 
system and will close down the compressor, as soon as the tempera- 
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lure has been lowered to the pre-determincd point. After stopping 
the compressor, the automatic expansion valve immediately closes 
the liquid line, and as soon as the condenser pressure falls, the water 
regulating valve will stop the supply of water to the condenser. 

Completely Automatic System.— In many installations, it is desired 
to have the refrigerating system start and stop itself ; thereby perform- 
ing its function in an automatic manner. A certain system ordinarily 
may l)e used when clear \vater at a pressure of 20 to 75 lbs. is avail- 
able for absorbing the heat in the condenser. Ihc system consists of 
a thermostatically operated motor-driven water valve, a water velocity 
actuated contactor for the compressor motor switch, an ammonia 
pressure circuit-breaker, a remote control motor switch, a thermostat, 
and an automatic expansion valve. The operation of this system may 
be described as follows: When the temperature rises to the pre- 
determined point in the cold room, the thermostat makes the contact 
for the operation of the plant. This causes the small motor-driven 
valves to admit water to the ammonia condenser. The velocity of 
the water passing through the motor-driven water valves closes the 
circuit, which operates the remote control switch for the compressor. 
The compressor will be started in this manner, and will continue to 
operate until the thermostat makes a contact for stopping, until the 
condenser water fails, or until excess pressure is built up on the high 
pressure side. 

The automatic expansion valve maintains the proper pressure in 
the cold room, corresponding to the temperature of the refrigerant to 
be maintained. Should bad water conditions exist, or should cooling 
tower water be used for the purpose of absorbing heat in the condenser, 
another type of system may be used. 

This system is composed of a thermostatically operated motor- 
driven water valve for admitting water to the condenser, a rotary 
switch on the remote control circuit for the compressor, an ammonia 
pressure circuit-breaker, a thermostat, and an automatic expansion 
valve. In this system, when the thermostat makes the starting con- 
tact, the motor-driven valve admits water to the an^monia condenser. 
At the same time, the rotary switch closes the switch on the remote 
control circuit for the compressor. The system is started in this man- 
ner, and will remain in operation until the thermostat in the cold room 
makes a contact for stopping. 

Temperatures and Pressures in Evaporators. — It is well to review 
at this time some of the fundamental considerations of temperatures 
and pressures to be maintained in evaporators, using various refrig- 
erants for different refrigeration purposes. 
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In all cases of (he refrigeration or cooling of substances, the tem- 
perature of the evaporating refrigerant must be maintained a few 
clegices bc ow the temperature of the substances to be refrigerated, 
so that the heat will flow by natural tendency from such substances into 
ie evaporating refrigerant. The evaporating temperature of refrig- 
erant depends upon the pressure maintained upon such refrigerant 
during the evaporation process. Also, the relative temperature ob- 
tained b) a given refrigerant, depends upon the refrigerant used, and 
■s entirely an individual characteristic of the given refrigerant. In 
other words for a given temperature of evaporation, the various re- 
frigerants will have different evaporating pressures. Conversely, for 
a given evaporating temperature, the various refrigerants will have 
different evaporating or boiling pressures. 

The pressures to be maintained upon some refrigerants, in order 
to obtain a boiling or evaporating temperature of 5® F., are illustrated 
by tiic following table: 


Table 66. — Pressures of Refrigerants. 


Refrigerant 


Evaporating Evaporating 

Temperature Pressure 

Lbs. Absolute 


Ammonia (NHj) 5 ® 

Carbon Dioxide (CO^.) S® 

Sulphur Dioxide (SO.) 5® 

Methyl Chloride (CH.CI) 5® 

Freon 12 (Ca,F,) 5 ® 


34.-27 

331.9 

11.80 

4.65 

26.51 


Table 66 illustrates the wide variation of pressures to be maintained 
on different refrigerants in order to obtain a given evaporating tem- 
perature. 


Heat Removed by Evaporators— The heat removed by the evapo- 
rators depends upon a -number of factors such as; 

1. Weight of refrigerant evaporated in a unit time. 

2. Kind of refrigerant used. 

3. Temperature of liquid refrigerant, before expansion or throttling. 

4. Temperature of refrigerant leaving evaporator. 

5. Quality or dryness of refrigerant leaving evaporator. 

6. Quality of refrigerant before expansion valve. 

7. Temperature of evaporation. 

Table 67 it is assumed that one pound of the refrigerant is evapo- 
rated in one minute. The effect of using different kinds of refrigerants 
is due principally to the fact that the various refrigerants have differ- 
ent and characteristic latent heats of evaporation. The temperature 
of the refrigerant may be either that corresponding to its pressure, or 
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it mav be higher, in wbich case the refrijjcranl is snpcrhcalcd. In 
Table b/ it is assunie<l that the rcfrifierant leaves the evaporator at the 
saturated tcinj)crature correspoiulinjj to the pressure. It is evident 
that the refrigerant leaving the evaporator inav contain un-evaporateil 
j)articles of li<|uid. in wliich case it is called a wet mixture of liquid 
and vapor. In calculating the data for rabic b7, it is assumed that 
the refrigerant leaves the evaporators withcmi any particle of un- 
evaporated li(|uid, that is. it is dry and saturated vapor, burthcr- 
more, it is evident that the litptid before the expansion \alve ma\ 
be at various temperatures, at or below the saturated temperature 
due to the condensing pressure. To simplify the data in lable ()7, 
it will be assumed that the refrigerants have a temperature of 7.^'’ I-', 
before they pass through the expansion or throttle valve. Also, 
it is possible that the refrigerant may contain un-condensc»l vapor, 
and non-condcnsablc gases, at a point before the expansion valve. 
It is assumed that the refrigerant before expansion valve is all licpiid 
and free from foreign substances. Ihe heal contetits for carbon di- 
oxide are based on a reference temperature <»f >^2'’ b., but all other 
heat contents in Table 07 arc based on a reference temperature of 
-40® F. 


Tablf. 67.— Heat Absokueo by Varioi s Refrigerants in Kvai>oratoks. 


HeatContent IlcatContcnt UeattoCool 

Refrigerant of l.iiinid at of Liquid at l.iqiiid 

7 S» 5* Btu. 


Ammonia 

Carbon Dioxide 

Sulphur Dioxide 

Methyl Chloride 

Freon 12 

126.2 

30.96 

38.32 

42.7 

25.1 

48.3 
— 13./3 

14.1 

16.3 

9.3 

77.9 

44.69 

24.22 

26.4 

15.8 

Refrigerant 


LaUnt 

Heat 

Btu. 

Heat Absorbed 
in Evaporation 

Ammonia 


565.0 

487.1 

Carbon Dioxide 


114.70 

70.01 

Sulphur Dioxide 


169.4 

145.18 

Methyl Chloride 


179.0 

152.6 

Freon 12 


69.47 

53.67 


Table 67 has been based on the foregoing limitations and shows 
how the heats absorbed by various refrigerants in the evaporator differ, 
and are characteristic to each refrigerant. 

An inspection of the table of properties of refrigerants shows that 
the latent heat of evaporation of a given refrigerant varies consider- 
ably with the temperature of evapciratioii. In Table 67, a uniform 
evaporating temperature of 5® F. for all refrigerants will be assumed. 
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The net amount of heat absorbed by a refrigerant in the evaporator 
IS ound by subtracting the heat required to cool the liquid to the 
temperature of the evaporator, from the latent heat of the evaporation. 

I able 67 shows that the amounts of heats absorbed by the various 
refrigerants vary considerably with the individual kind used The 
heats absorbed m the evaporator are, of course, the net available re- 
frigerating effects for the conditions previously stated, expressed in 
otu. j)er lb. ^ 

The foregoing considerations in regard to temperatures, pressures, 
leats. etc., are essential for the intelligent construction and operation 
of devices and apparatus for the distribution of refrigeration. 

Expansion Valves.— The primary function of the so-called expan- 
sion valve IS to reduce the pressure of refrigerant from that existing 
.n the condenser to that existing in the evaporator, and also is used 
to regulate the quantity of ammonia required in the evaporator. The 
word expansion” does not describe its function correctly. Probably, 
|t could be called a throttle, or pressure reducing device, more correct- 
ly. bo long as there is a difference of temperature between the evapo- 
rator and condenser it is evident that there must be a difference of 
pressure also. The expansion valve must therefore produce the drop 
ol pressure, and the drop of pressure is equal to the increase of pres- 
sure produced by the compressor. 

Expansion Valves may be divided into 
two general classifications, namely, manu- 
ally operated, and automatically operated 
valves. The hand or manually operated 
expansion valves are usually of the needle 
type, and require no further description 
here. The automatic expansion valves are 
constructed along various lines, as indicated 
by the descriptions in the following para- 
graphs. Such automatic expansion valves 
and liquid flow control devices are actuated 
by various means, such as suction pressure, 
condenser pressure, evaporation tempera- 
ture, condenser temperature, or combination 
of these things. 

The construction of an automatic am- 
monia expansion valve of the diaphragm 
type is. illustrated in Fig. 123. This type of 

valve may be set to maintain a constant suction pressure regardless of 
the fluctuations of the condenser pressure. 



Fig. 123. — Cash Automatic 
Expansion Valve. 
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In Fig. 124, “2” shows the relation of the valve stem and the seat 
when the valve is closed; “3” and “4” show the relations of the stem 
and seat when valve is partially open and fully open. 

Table 68 .— Dimensions of Automatic Expansion Valve. 


(Letters Refer to Fig. 123.) 

Siie >4 -in. 


A 4«4 4J4 4% 

B 2/2 2'A yyv. 2!4 

C 6/2 6/2 7% 8!4 



O 

pySff-nALLY OPCN 


Fig. 124. — Expansion Valve (2) Closed; Expansion Valve (3) Partially Open; 

Expansion Valve (4) Fully Opened. 

Table 68 shows the sizes and dimensions of this type of valve. The 
valve may be set for suction pressure varying from 0 to 30 lbs. The 
body, spring chamber, pressure plate, etc., are made of close-grained 
gray iron. The piston and cylinder are made of steel, but the piston 
seat and seat disc are made of 30 per cent nickel steel. The diaphragm 
and screen are made of Monel metal. 

Liquid ammonia enters the valve on the inlet side and passes 
through the internal screen which collects all but the finest particles 
of foreign substance in the sediment chamber below. It then flows 
through a series of inlet ports and expands as the preliminary valve 
seat opens. Expanded, it enters the diaphragm chamber and through 
the outlet side into the delivery or expanded pressure line. 

Assume that the initial pressure is 175 lbs. The required evapora- 
tion pressure is 25 lbs. As soon as the evaporation pressure exceeds 
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ibb. Its aainn on the under side of the diaphragm will overcome 
the tension on the diaphragm spring, force the diaphragm up and 
permit the valve to close or to restrict itself to the point where p^roper 

ofuird ’" r When the expansion pressure falls, theLtfon 

-f the diaphragm spring will force the valve open to the proper point 
lo restore the required expansion. ^ 

1 here are, of course, no abrupt movements. In normal service, 
t ie valve has a floating motion, responding instantly in the very slight- 
e.st changes in pressures. ^ ^ 

To increase suction pressure, remove locking cap and screw down 
on adjusting screw. To decrease suction pressure release the dia- 
phtagm spring tension. For cleaning simply unscrew the bottom cap. 
Ail working parts are easily removed and after cleaning readily re- 


The real work of throttling is performed at the smaller seat. The 
larger seal is doing practically no work. 


At “4,” J'ig. 124, it is full open. The 
work; tlie larger seat none. Thus the 1 
unworn for tight closing. 


smaller seal is doing all the 
arger seat is kept clean and 


No work will be done by the larger scat until the smaller seat is 
very badly worn from continued service. Only after the smaller seat 
is worn out and the larger seat does the work of throttling and becomes 
worn, will the unit need replacing. This preliminary seat unit in no 
way imjjairs the usual valve capacity. 


Thermal Expansion Valves.— A sectional view of a thermostatic 
expansion valve is shown in Fig. 125. These valves are one of the 


most widely used automatic controls 
in refrigeration work. They regulate 
the flow of refrigerant to the evapo- 
rator in accordance with changes in 
superheat of the suction gas as it 
leaves the evaporator. They operate 
to maintain constant superheat. 

While the valve is called a ther- 
mal or thermostatic expansion valve 
it actually operates on changes in 
pressure. The bulb of the valve 
which is connected through a small 
diameter tube to the space above 
the diaphragm is charged with a vol- 



atile liquid. This bulb is either 
strapped to or inserted in the suction 


Fig. 125.— Alco Thermal 
Expansion Valve. 



AUTOMATIC REFRIGERATION SYSTEMS 


377 


line at the evaporator outlet. A rise in temperature of the suction 
gas evaporates the liquid in the bulb and the gas so formed exerts 
pressure above the diaphragm which tends to open the expansion 
valve. As the temperature of the suction gas drt)ps, the gas in the 
bulb is cooled and finally condenses to lower the valve operating 
pressure and the spring closes the expansion valve. It is adjustable 
to maintain the desired number of degrees of superheat. 



The thermal expansion valve finds its widest use in domestic and 
commercial refrigeration applications where the so called dry expan- 
.sion type coil is used. It can also be applied, however, in connection 
with flooded systems. 

Float Control Valve. — Float valves are sometimes used to control 
flow of liquid refrigerant in ice making and refrigeration. They are 
used quite extensively in the household machine. Float valves 
may be classified as high-pressure float valves or low-pressure float 
valves. High-pressure float valves are used to admit the refrigerant, 
as fast as it becomes liquefied, to the evaporating side of the .system. 
Fig. 126 illustrates the construction of an Alco high-pressure float 
valve. 

Low-pressure float valves are used to control flow of refrigerant 
into the evaporating unit. It is essential to properly design and lay 
out the flooded coil and connections so that a fairly constant liquid 
level may be established and which is really used to operate the float 
valve. It is also essential to lay out the coils so that the spent gas will 
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have a short travel, and so that the gas will pass to the suction header 
and leave the coil as soon as possible. 

A flooded ammonia coil is illustrated in Fig. 127. This coil has a 
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Fig. 127.- — Flooded Ammonia Coil. 


6-in. header at the top, which contains the connection for the inlet of 
liquid refrigerant and for the outlet of spent gases. The coil also has 
a lower liquid distributing header, 
which receives liquid from the top 
header and discharges same to the coil 
sections. Liquid refrigerant thrown 
from the coil is intercepted in the top 
header and returned to the coils through 
the lower header. The advantage of 
using the flooded principle lies in the 
fact that, if sufficient liquid is admitted, 
the coil surfaces are supplied with an 
excess of liquid refrigerant. The coil 
will then have a good heat transfer rate. 


Automatic Stop Valve. — When the 
compressor stops it is necessary on 
many automatic systems to stop the 
flow of refrigerant to the evaporator 
and also to stop the flow of gas in the 
suction line. When liquid feed is con- 
trolled solely by a thermal expansion 
valve the liquid may continue to flow 



Fig. 128. — Magnetic Liquid 
Stop Valve. 
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into the evaporator after the machine has slopped and result in sluy:s 
of liquid passing out in the suction gas when the compressor starts 

again. 

A magnetic liquid stop valve is shown in ing. 128. This valve is 
held open while the compressor is running and closes to stop liquid 
flow when the compressor stops. It is operated electrically through 
the solenoid at the top of the valve. The electrical connections to this 
solenoid are cut into the power circuit to the compressor motor. 



Fig. 129.-~Mercoid Room Type Thermostat. 


Suction stop valves are similarly applied to the suction end of the 
evaporator to cut it off from the system when the compressor stops. 
The suction stop valves may be solenoid operated like the liquid stop 
valves or they may be pressure operated from the liquid pressure just 
ahead of the expansion valve. 

Thermostats. — Thermostats are commonly used on automatic 
plants to control temperatures by starting and stopping the main 
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refrigerating tnacliine. These 
thermostats ha\c their sen- 
sitive bulbs located in the 
space where it is desired to 
control the temperature. The 
electric circuit is made 
through a Mercoid bulb or 
an ordinary contact to tlie 
automatic motor controller, 
thereby starting and stop- 
ping the refrigerating ma- 
cliine in accordance with the 
temperature of the goods. 

Thermostats may be clas- 
sified as room thermostats, 
or remote control, or tank 
type thermostats. Fig. 
illustrates a Mercoid room 
type thermostat. The opera- 
tion is quite simple, as the 
power element or bellows 



Fig. 130. — Mercoid 
High Pressure 
Safety Cut-Out. 
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Fig. 131. — Schematic Wiring Dia- 
gram for Mercoid Thermostat and 
High-Pressure Cut-Out. 


expands or contracts through 
changes of temperature. The elec- 
tric switch or mercury tube is then 
automatically thrown in the “on" 
or “off" position by means of a snap 
action mechanism. 

The remote control thermostat 
is equipped with a separate bulb 
and connecting tube. It is used for 
low temperature refrigeration work 
as well as for the control of tlie 
temperature of litjuids, the sensi- 
tive bull) being located in the ma- 
terial to be controlled. In low tem- 
perature refrigeration work in 
rooms, the Ittilb is mounted in the 
room, and the main part of the ther- 
mostat is located outside of the 
room at a higher temperature. For 
control of liquids, the bulb is lo- 
cated in pipe lines, tanks, etc., as 
may be required. 
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High-Pressure Cut-Outs— High-pressure safety cut-outs are used 
to stop the motor running the refrigerating machine in the case of ex- 
cessive pressure due to any cause. The high-pressure cut-oft' is con- 
nected to the automatic motor-starter so that it will stop the machine 
when the high-pressure exceeds a certain predetermined point. One 
type of high-pressure cut-out is shown in Pig. 130. A schematic wiring 
diagram for connecting a high-pressure cut-out, thermostat, and mo- 
tor-starter is shown in Fig. 131. 


QUESTIONS ON CHAPTER X. 

1. What is the relationship of temperatures and pres.sures in 
evaporation? 

2. What factors affect the amount of heat removed by refrigerants 
from evaporators? 

3. Describe in detail the factors, enumerated in answer to Ques- 
tion 2, showing the effect of each factor, upon amount of heat removed 
from evaporator. 

4. Ammonia evaporates at a pressure of 20 lbs. gauge ; it con- 
denses at a pressure of 175 lbs. gauge ; it is subcooled to 65° F. before 
going to expansion valve ; it leaves the evaporator at a temperature 
of 10° F. Find the heat absorbed in the evaporator by 1,000 lbs. of 

ammonia. 

5. In Problem 4, what percentage of ammonia is evaporated at 
the expansion valve? 

6. Describe the essential feature of the diaphragm type automatic 
expansion valve. 

7. How much ammonia, expressed in lbs. and cu. in., must pass 
through automatic expansion valves, per min., on a 10-ton refrigera- 
tion plant operating under standard conditions? 

8. Why is a liquid slop valve used when a thermostatic expansion 
valve is al.so in the system to control liquid feed? 

9. (live three conditions in the system -which might produce excess 
pressure and cause the high-pressure cut-out to stop the compressor 
motor. 

10. Describe the essential parts of a completely automatic re- 
frigerating system. 



CHAPTER XI. 


THE MANUFACTURE OF ICE. 


Ice Making Systems. Ice may be manufactured generally by 
means of two systems. In the first system the water to be frozen is 
placed m suitable sheet-iron cans, which are then nearly submerged in 
cold brine. The brine is maintained at a low temperature by the 
evaporation of a refrigerant in a suitable container. This is known 
as the can system of ice making. In the second system a coil or plate 
IS immersed in the water to be frozen. The coils or plates are ar- 
ranged for the evaporation of a suitable refrigerant, or for the circula- 
tion of cold brine. The removal of the heat from the water in this 
manner causes the formation of a layer of ice on each face of the coil 
or plate. This process is known as the plate system of ice making. 


Can System.— The method of production of ice by means of the 
can system may be ascertained by an inspection of Fig. 132 which 
shows diagrammatically the principle of operation of this system. The 
water to be frozen is placed in suitable sheet-iron ice cans. The ice 
cans are then partly submerged in a cold brine, which is retained by a 
brine tank generally made of steel. The brine is maintained at a tem- 
perature of 10® to 18® F. by means of the evaporation of a suitable re- 
frigerant such as ammonia or carbon dioxide. The water in the cans, 
being exposed to the pressure of the atmosphere, will freeze at a tem- 
perature of 32® F. The cold brine at a temperature such as 15® F. will 
therefore absorb heat from the water which is at a higher temperature. 
The brine will absorb the heat required to cool the water from the 
temperature of the supply to the freezing temperature, 32® F. ; the 
latent heat of fusion of the water ; the heat to cool the ice to the tem- 
perature of the brine ; the heat from the ice cans ; the heat transmitted 
by the insulation ; the heat to cover the other losses. The transmission 
of heat from the air to the cold brine, of course, should be retarded as 
much as possible by using a suitable insulation on the brine tank. The 
brine is kept in constant circulation in the tank by means of a propeller 
agitator. The purpose of this is not only the equalization of the tem- 
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132. — Diagram of Can Ice Making System. 
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peniture of (he brine in all jiarts of the tank, but also the increasing 
ot the heat transmission which is due to the higher velocity. 

As soon as the water in the cans is cooled to 32° F., ice will begin 
to form on the surfaces of the can. The rate of freezing is rapid at 
hrsi, and becomes progressively slower as the thickness of the layer 
increases. If the can is left in the cold brine long enough, the water 
will entirely solidify, forming a homogeneous cake of ice. The cans 
ol ice may then be removed from the brine and then other cans filled 
with water may be inserted in their places, thus making the process 
of ice production continuous. 

Due to the fact that the brine absorbs heat as pre\ iou 5 ly indicated, 
means must be provided for removing this heat just as fast as it is 
absorbed m order to maintain its temperature constant. This is usu- 
ally accomplished by submerging an evaporator for a volatile refrig- 
erant directly in the brine. This evaporator may be in the form of flat 
direct-expansion coils disjiosed between the rows of ice cans, as in- 
dicated by Fig. 132, or, it may consist of a suitable brine cooler of the 
shell-and-tube or double-pipe tvpe. 

The pressure upon the boiling refrigerant is maintained at such a 
point that the temperature is a few degrees below the temperature of 
the brine, hor example, the refrigerant may have a temperature of 
0 h., under which condition the heat in the brine at 15° F. will flow 
into the boiling refrigerant. The brine thus acts simply as a carrier 
of heat from the ice cans and ice tank to the evaporating refrigerant. 
The rest of the refrigerating is of the usual type involving the elements 
previously described. 

It will be noted, therefore, that the formation of the ice is prac- 
tically continuous and that the refrigeration system produces a uni- 
form cooling effect. 

Refrigeration Requirements. — The refrigeration required to pro- 
duce ice under a given set of conditions depends, as previously indi- 
cated, upon the heat necessary to cool the water to the freezing point, 
to freeze it, to cool the ice to the temperature of the brine, and to cover 
otherdosses. Thus, if the initial temperature of the water is 70° F., 
the temperature of the brine is 12° F., and the unavoidable losses 
amount to 20 per cent of the actual refrigeration, the total refrigeration 
per pound of ice may be calculated as follows: 

Heat 'to cool water (70* — 32“) x 1 =38 Btu. 

Latent heat of fusion = 144 “ 

Heat to cool ice (32 — 12) x 0.5 = 10 “ 

192 “ 

= 38.4 " 


Unavoidable losses, 192 x 0.20 

I 

Total refrigeration 


= 230.4 
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For this set of conditions one ton of ice would require approxi- 

9*30 w 2000 

niatplv “ — = 1.6 tons of refrigeration. Assuming that the ice 

niaieiv 288,000 

is cooled to 12° F. in each case, the following Table 69 will show how 
ihe tons of refrigeration per ton of ice will vary with the initial water 
temperature : 


Table 69.— Tons of Rfjrioebat:on Per Ton of Icf.. 


Initial Temp, 
of Water 

Tons of Rcfr< 
per ton of Ice 

Initial Temp, 
of Water 

Tons of Rcfr. 
per ton ol Ice 

40 

1.34 

70 

1.60 

42 

1.36 

72 

1.62 

44 

1.36 

74 

1.64 

46 

1.39 

76 

1.65 

48 

1.41 

78 

1,67 

50 

1.43 

80 

1.68 

52 ■ 

1.45 

82 

1.70 

54 

1.47 

84 

1.72 

56 

1.48 

86 

1.74 

58 

1.50 

88 

1.76 

60 

1.52 

90 

1.77 

62 

1,53 

92 

1.79 

64 

1.55 

94 

1.81 

66 

1.57 

96 

1,82 

6b 

1,58 




Freezing Time of Ice.— The freezing time or rate for a given thick- 
ness of ice as compared to the freezing time of ice of another thickness 
varies approximately as the square of the thickness, other factors re- 
maining constant. In other words, the freezing time required to freeze 
ice 4 inches and 6 inches thick varies in the ratio 16 to 36, also, the 
freezing time is inversely proportional to the temperature between the 
brine and the freezing water. 

For example, in a given ice tank freezing time required to freeze 
a H-in. block of ice was found to be 47 hours with 16° F. brine. The 
question is— what would be the freezing time if the brine temperature 
is reduced to 12° F., all other factors remaining the same? This would 
be found as follows : 

47 X (32 - 16) 

= 37.6 hours. 

32-12 

The freezing time of ice depends also upon such factors as the rate 
and efficiency of brine circulation, the layout and design of the ice 
tank, etc. 

The older formula for the freezing time is as follows : 

7X1* 

a = (1) 

32 -u 
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Where t equals thickness in inches of ice at top of block tb equals 
temperature of brine. From data taken from modern ice tanks, with 
good circulation and layout of tank, operated under what might be 
termed standard practice, it was found that the constant 7 in the pre- 
ceding formula should be reduced to 6.2 or lower. The formula, con- 
nectmg freezing time, brine temperature, and thickness of ice block, 
can now be written as follows: 

6.2 X t* 


Example.— is the freezing time in an ice tank when the brine 
temperature is 14° F. and the thickness of the ice block is WA inches? 
Solution: 



X 11.5 X 11.5 

— 45.6 hours. 

32—14 


Table 70 gives the freezing time of can ice for various thicknesses 
of ice and various brine temperatures under average conditions. 

In order to obtain the best freezing time, the ice cans should be 
submerged in the brine to the proper depth. The top of the finished 
ice block should never be above the brine level. It should be 1 in. or 
more below the brine level. 

Table 71 gives the number of cans per ton of ice making capacity 
for various brine temperatures and sizes of cans. The newer plants 
will have a lower can ratio but many of the older plants operate in the 
range shown. 

# 

Cans Per Ton of Ice. — The number of ice cans required per ton of 
ice per day may be expressed as follows : 

2000 
N« 

24 W (3) 

f.t. 

where N = cans per ton of ice 

W = weight of ice blocks, lbs. 

Transposing the above formula, another relation is obtained for 
the freezing time : 


24 NW 

f.t. = 

2000 



The above formula is obtained from the simple arithmetic of the 
problem. 



T.\m.E 70 — Freezing Time for Can Ice— Hours. 
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Table 71. Number of Cans Per Ton of Ice at Various Brine Temferatures. 
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By comparing ihc formulas 2 ami 4, the following formula for the 
required number of ice cans is obtained: 


5!6.6 X i- 

N = 

W (32 — W 

Example . — How many ice cans are required for the following con- 
ditions : 


Solufioti: 


Brine (emp. e(iuals 14“ F. 

Weight of ice block equals 400 ll>s. 
Thickness of ice block equals 11 in. 


516.6 X 11.5 X 11.5 

N= 

400 X (32- 14) 

equals 9.5 cans per ton of ice per day. 


The above formula may be worked backwards to check up the 
operation of an ice tank in an actual plant. 


Example . — Weight of ice blocks equals 300 lbs. 


Solution: 


Brine lemp. equals 15“ F. 

Cans per ton of ice produced equals 11.4 
Thickness of cans equals 11 in. 

X X 11 X 11 

11.4 = 

300 X (32 — 12) 

X equals 555 or correct number of cans 
516.6 X 11 X 11 

N = equals 10.4 

300 X (32 — 12) 


The relative submergence of the ice cans has an important bearing 
upon the freezing time of the ice as well as the shape of the top of the 
ice block. Generally speaking, the higher the finished ice level is above 
the brine, the longer the freezing time. Under ordinary conditions, it 
has been found that the best submergence is to have the top of the 
finished ice block about ll/i-in. below the level of the brine. 

Table 72 gives the various dimensions, weights, and specifications 
of various sizes of ice cans. 

As previously indicated, the relation of the number of cans and the 
freezing time is expressed by the following formula : 

N X W X 24 

f.t = 

2000 

where f.t. = freezing time 

N = no. of cans per ton of ice . 

W = weight of blocks of ice in lbs. 
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Table 72.— Specifications of Ice Cans. 

York Ice Machinery Corp. 


of Can 

in Pounds Top 

Inside Dimeasions 
Bottom 

. Over 

Uogtb A& 

Tblcknesj 

of 

Galv. Steel Fuzing 
U. S. Std. System 
Gauge 

Type 

of 

Cake 

Weight 
of Can 
Pounds 

50 

50 

SO 

SO 

6" X 12" 
8"x 8" 
S"x 14" 
4"x 16" 

si4''xuvr 

454''x13J4" 

28" 

31" 

31" 

31" 

29" 

32" 

32" 

32" 

16 

16 

16 

16 

Individual 

Individual 

Individual 

Individual 

Solid 
Solid 
** Solid 
Solid 

34 

27 

33 

35 

lOO 

200 

304 

8" X 16" 
UH"x22^" 
22J4" 

T'A" X ISli" 
lOA” xZl'A" 
lOA‘'x2l>A'‘ 

31" 

31" 

44" 

32" 

32" 

45" 

16 

16 

16 

Individual 

Individual 

Individual 

Solid 

Solid 

Solid 

40 

60 

76 

324 

304 

324 

ll^"x22^^" 

111^" X 22*/^" 
IV/i" X 

\0'A''x2lA" 
lOA" x2iy," 

iOA" X 21A“ 

46" 

46" 

48" 

47" 

47" 

49" 

16 

16 

16 

Individual 

Group 

Group 

Scored 

Solid 

Scored 

80 

80 

83 

410 

430 

410 

ll^"x22^^" 

uyz^x22yr 

ll^"x22K/' 

lO^-xZli^" 

10^''x21j^" 

lO^-xSlM" 

57" 

59" 

59" 

58" 

60" 

60" 

14 

14 

14 

Individual 

Individual 

Group 

Solid 

Scored 

Solid 

108 

112 

112 

430 

304 

324 

11^" X 22yy' 
ir X 22" 

n"x22" 

lOA"x2lA'' 

lO-xZ!" 

10”x21“ 

62" 

47" 

49" 

63" 

48" 

50" 

14 

16 

16 

Group 

Indivicual 

Individual 

Scored 

Solid 

Scored 

116 

80 

83 

304 

324 

410 

11" X 22" 
ir'x 22" 
n"x23" 

I0"x21" 

10 ''x 2 r 

lO^xZ!" 

49" 

51" 

61" 

SO" 

S2" 

62" 

16 

16 

14 

Group 

Group 

Individual 

Solid 

Scored 

Solid 

83 

86 

111 

430 

410 

430 

ir X 22" 

11" X 22" 

ir'x22" 

lo-xai" 

io"x2r' 

10’'x21'' 

63" 

63" 

66" 

64" 

64" 

67" 

14 

14 

14 

Individual 

Group 

Group 

Scored 

Solid 

Scored 

11$ 

115 

120 


Substituting 50, 100, 200, 300 and 400 for the value of W, the for- 
mula becomes as follows; 

for 50 lb. cans, f.t = 0.6 N 
'• 100 “ “ f.t. = 1.2 N 
“ 200 “ " f.t = 2.4 N 
“ 300 " ” f.t = 3.6 N 
“ 400 ■* “ f.t = 4.8 N 

The determination of the correct number of cans per ton of ice is 
a question of economic importance. If too few cans are installed, a 
very low brine temperature is required in order to freeze the ice in the 
required time. This, of course, means a very low suction pressure on 
the machine. Again, if too many cans are put into the tank per ton 
of ice, the initial cost becomes too great. But the better working con- 
ditions are approached with the larger amount of cans, since a higher 
suction pressure may be carried generally. To decide this economic 
question it therefore is necessary to consider the initial cost of ground 
building and equipment, together with the cost of power required to 
operate the plant under the given conditions. 

Under general conditions the correct brine temperature may be said 
to vary from 10^ to 20® F. This would mean that the number of 300-lb. 
ll-in. standard ice cans per ton of ice would vary from 9.56 to 17.5. 
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As a general rule thirteen 300-lb. cans may be used per ton of ice 
made. The exact number of ice cans to be used in a given plant will 
depend upon local conditions. 

Brine Coolers.— Various forms of apparatus may be adopted for 
absorbing the heat from the brine. These apparatus are generally 
suitable containers for holding the evaporating refrigerant. Such forms 
as flat direct-expansion pipe coils, shell-and-tube brine coolers, and 
double-pipe brine coolers, etc., may be used. The direct-expansion 
coils and the double-pipe brine coolers may be operated on either the 
dry direct-expansion system or the flooded system. The shell-and- 
tube brine cooler in itself may be considered as operating on the flooded 
system. 

The desirable arrangement of these evaporating surfaces has been 
considered in a previous Chapter on the methods of distribution of re- 
frigeration. It will be interesting to note how the amount of surface 
of these apparatus will vary with different conditions. In general, the 
amount of surface to be installed depends upon the refrigeration to be 
produced per ton of ice, the heat transfer coefficient of the surface, 
and the temperature difference between the boiling refrigerant and 
the brine. 

It is evident, in consideration of the amount of evaporating surface 
to be installed, that the exact amount of refrigeration per ton of ice 
must be estimated. The values in Table 69 have been estimated with 
losses equivalent to 20 per cent of the actual refrigeration. This value, 
of course, will cover the losses under ordinary conditions and it is evi- 
dent that any other additional refrigeration must be added to this 
amount. Sometimes the ice storage room may be refrigerated by brine 
from the ice tank. The heat transfer coefficients for various evaporator 
surfaces may be taken from Table 60 of Chapter VIII. 

The mean temperature difference between the boiling refrigerant 
and the brine is determined by economic considerations, and will vary 
from 6® to 12° F. If a small temperature difference is used it is nec- 
essary to install a large amount of surface. This, of course, will give 
a high suction pressure, but the initial cost of the evaporating surface 
becomes too great. On the other hand, if the temperature difference 
is quite large, a small amount of evaporating surface may be installed, 
and under this condition the suction pressure may drop to a fairly low 
level. Lowering the suction pressure, of course, increases the horse- 
power per ton of refrigeration. Thus it will be observed that the mag- 
nitude of the temperature difference will depend upon such factors as 
the cost of the equipment, the cost of producing a ton of refrigeration 
and the local conditions. By referring to Table 69 it will be observed 
that if water at a temperature of 70° F. is available for making ice the 
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required refrigeration for a ton of ice will be equal to 1.6 tons. Tlie 
number of lineal feet of direct-expansion pipe to be installed 

per ton of ice may be calculated as follows : 

288,000 X 1.6 X 2.301 

Feet of pipe per ton = 

lSX24Xta 

where tj = temperature difference 

The amounts of direct expansion pipe ])er ton of ice, according to 
the above formula, have been calculated and tabulated in Table 73. 
The amounts of direct expansion coil surface which will give tempera- 
ture diflferences varying from 6® to 12° F. are included between the 
heavy lines. 

In a similar manner, the number of square feet of double-pipe brine 
cooler and shell-and-tube brine cooler surface per ton of ice may be 
calculated by the following formula: 

288,000 X 1.6 

Sq. ft. of surface *= 

80 X 24 X td _ 

where ta = temperature difference 

The amounts of surface per ton of ice for different temperatures 
of brine and refrigerant have been calculated and tabulated in Table 74. 
The surfaces corresponding to temperature differences of 6° to 12° F, 
are included between the heavy lines. 

From an inspection of Tables 73 and 74 it will be observed that the 
amount of surface increases rapidly as the temperature differences are 
reduced. The advantage of installing the larger amount of surface is 
likewise diminished, so that it is advisable to install such amounts of 
surface which are included between the heavy lines in the table. 

Table 73 is based on a heat transfer coefficient of 15. Table 74 is 
based on a heat transfer coefficient of 80. If other coefficients are used, 
then the amount of surface will vary directly as the coefficients. 

Ice Freezing Tanks. — Ice freezing tanks are generally constructed 
of steel, although wood and concrete are sometimes used for such 
tanks. Due to the fact that the temperatures in brine tanks are fairly 
low, it is usually beneficial to insulate the freezing tanks in an efficient 
manner. The bottoms of these tanks are generally insulated by ap- 
plying five to six inches of insulation in the board form. The sides and 
ends of the tank may be insulated by applying five or six inches of 
board insulation, or by using ten or twelve inches of granulated in- 
sulating material. The steel ice freezing tanks, of course, have a larger 
initial cost, but will probably give the lowest cost over a period of 
years, at the same time eliminating difficulties due to leaks, etc. 
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The ice cans are supported in the tank by means oi a suitable frame- 
work of wood. In some cases the cans rest upon timbers which lie 
upon the bottom of the tank. In other constructions the cans are sup- 
ported by the framework on the top of the tank. 

Sui^ble movable covens made of wood are provided for the ice 
cans Covers are generally made of oak or cypress. The arrangement 
of the framework, can covers, etc., in a raw water ice making tank 
nia) be ascertained by inspecting Fig. 133. In this type of construction 
the tank top is supported by heavy stringers of timber which extend 
Irom one side of the tank to the other. These stringers, in turn, are 
supported at several points by struts which rest upon the bottom of 
tlie tank. The cans arc inserted in the tank through the various com- 
l>aitments of the tank top. In Fig. 133 a single cover is provided for 

every two cans. However, it is ordinarily advisable to use can covers 
for 4 or 5 cans. 

Ice making tanks generally ha\c a length which is two to three 
limes the width. The depth of the tank is determined principally by 
the depth of the ice cans, and in general is very near the depth of the 
ice cans, varying one or two inches as the case may be. The tanks may 
lie made in such sizes as to produce as high as one hundred ton's of ice 
])cr day. However, the average ice plant will operate more flexibly 
by using freezing tanks which contain ice cans for making 50 to 60 
tons of ice per day. The larger ice tanks will have from 24 to 30 cans 
in width, while the number of cans in the length of the tank may be 
as many as 42 to 48. Of course, the exact layout of the ice making 
tank depends, in most cases, upon the local conditions in the plant. 

In order to produce an even brine temperature in all parts of the 
tank and in order to increase the heat transfer coefficient of the evap- 
orating surface it is generally advisable to produce a rapid circulation 
of the brine throughout all parts of the tank. This is generally accom- 
l)lished by dividing the tank into compartments by means of partitions 
and bulkheads. A propeller agitator is used to cause the brine to cir- 
culate rapidly in the tank. These agitators may be arranged either in 
a vertical or horizontal position and should be of sufficient size to cause 
the brine to circulate throughout the whole tank in a few minutes. 
Ordinarily, the speed of the brine circulation should not be less than 
25 ft. p. m. ; 35 ft. p. m. is preferable. Especial attention should be 
given to securing an even distribution of brine flow in all parts of 
the tank. 

The arrangement of a small ice making tank containing bulkheads, 
partitions, horizontal agitator, and a shell brine cooler is shown in Fig. 
134. In this figure the brine circulates through the tank in two differ- 
ent circuits. The arrangement of the agitator, bulkheads, partitions, 
etc., is also shown. _ 



THE MANUFACTURE OF ICE 


395 



Fig. 133. — Arrangement of Ice Making Tank. 
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The refrigeration to produce the required quantity of ice and to 
offset the other heat losses is produced generally by the direct evapora- 
tion of a liquid refrigerant. X'ertical sections of pipe coils, placed be- 
tween the rows of ice cans, are generally used for this purpose. These 
pipe coils are connected to suitable gas and liquid headers at the end 
of the tank. They, of course, may be operated on either the dry ex- 
Iiansion or the flooded system. A shell-and-tube brine cooler which is 
submerged directly in the brine in the tank is sometimes used. The 
arrangement of such a cooler is shown by Fig. 133. The brine, in cir- 
culating about the tank, is warmed a fraction of a degree, and by being 
forced through the shell brine cooler it is in turn cooled the same 
amount, so that the brine acts as a carrier of heat 
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Fig. 134. — Freezing Tank Layout. 


The water to be frozen is placed in the ice cans, which are in turn 
nearly submerged in the cold brine in the ice tank. After the water 
in the cans has entirely solidified, the cans are removed from the tank. 
This is generally accomplished by a suitable overhead traveling crane 
which lifts the cans and ice from the tank. Any number of ice cans, 
from one to twenty-four, may be lifted at once. After the cans have 
been lifted from the cold brine, they are taken by the traveling crane 
to the end of the tank to a thawing device. In some cases the cold ice 
cans are submerged in water for the purpose of loosening the ice in 
the cans. In other plants the cans are sprayed with water to accom- 
plish the same purpose. After the ice has been slightly thawed in the 
cans, the cans are placed in a suitable dumping apparatus, which, by 
tilting the can over to a horizontal position, allows the ice to slide out 
of the can through a door into a storage room. 
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After ilie ice has l)een removed from the cans, the cans arc again 
filled with the water to he frozen. In snme cases tln> is accomplished 
by inserting an automatic can filler into the cans, which allows the 
water to flow into the cans until a certain predetermined height has 
been reached. This method of filling the cans is used after the cans 
have been replacc<l in the cold hrine. Another method of filling the 
cans consists of a measuring tank which is located near the ice dump- 
ing apparatus. When the ice cans are returned to a vertical position 
in the ice dumping apparatus, just after the ice has been removed, the 
ice cans may be refilled with water by the manipulation of valves and 
connections to the measuring tank. Hy this means a uniform amount 
of water may be put into the cans at each refilling. 



Fig. 135. — Multiple Can Filling Tanks. 


Brine Circulators.— Hrine circulators, or agitators, are used to cause 
the brine to flow around the ice cans and over the brine cooling sur- 
faces, such as coils, or shell-and-tubc brine coolers. Brine circulators 
may be either the vertical or horizontal types. Ordinarily, the hori- 
zontal circulators are belled to the motors which are used for driving 
them. The vertical circulat<»rs are usually direct-connected to suitable 
electric motors. The use of the vertical circulator eliminates the use 
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of a stuffing box in the side wall of the tank, which is of course neces- 
sary when a horizontal unit is used. 


n ? * circulation is especially important in maintain- 

ing high heat transfer rate through the evaporator surface. The brine 
circulator and the tank baffles should be kept in good condition to 
maintain proper speed of brine circulation. 



Can filling Tanks. — Can filling tanks are commonly used in con- 
nection with multiple can hoisting and dumping equipment. Can fill- 
ing tanks are small compartments which hold enough water to fill one 
ice can and are generally automatically filled with the proper amount 
of water for each can. The construction of one type of can filling tank 
is shown by Fig. 135. The can filling tanks are located at the end of 
the ice tank and at such an elevation that the water may be drained 
directly into the ice cans as they are standing upright on the dump. 
The can filling tanks shown are of the closed cylindrical type. They 
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should be galvanized to prevent corrosion and consequent contamina- 
tion of the water. 

% 

4 

Can Grids and Baskets. — When multiple can lifting and dumping 
equipment is used, it is advisable to use can grids or baskets for the 
purpose of holding a number of the ice cans rigidly together. This 
facilitates handling of the cans. The constructon of a can grid is il- 
lustrated in Fig. 136. The cans are held firmly together between two 
steel side plates. Provision is made also for the use of an air lateral. 
Can grids are usually made of black steel and then galvanized or rust- 
proofed after fabrication. They are made in sizes suitable for handling 
any number of cans, up to a whole row, across the tank. 






Fig. 137. — Diagram of Thawing Tank. 


Can baskets and grids shpuld have sufficient weight so that they 
will keep the cans submerged to a proper depth. The brine should al- 
ways be 1-in. to lj4-in. above the finished ice level in the can. 

The following tabulation gives some usual specifications of can 
grids: 


Table 75. — SPEcincAtioNs of Can Grids. 


Number 
of Cant 

Side 

Plates 

Cross 

Braces 

Lifting 

Points 

4 

in. or ^ in. x 6 In. 

in. X 6 in. 

2 

S 

H > 0 . or ^ in. X 6 in. 

54 in. X 6 in. 

2 

6 

H in. or yiin. x6 in. 

H in. X 6 in. 

2 

8-15 

H in. or in. X 6 in. 

54 in. X 6 in. 

2 

16-20 

/ in. or $4 in. x 6 in. 

54 in. X 6 in. 

3 

21-36 

H in. or ^ in. x 6 in. 

54 in. X 6 in. 

4 


For No. 14 gauge cans, the can grids should weigh about 40 lbs. per can. For No. 
16 gauge cans, the can grids should weigh about SO lbs. per can. 


Thawing Tanks.— Thawing tanks are usually made of steel, al- 
though concrete thawing tanks are used. The steel tanks are com- 
monly made of %6-in. to %-\n. steel plate, either riveted or welded 
together. Thawing tanks for five cans or more are generally equipped 
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Fig. 138. — Multiple Lift and Hoist. 



Fig. 139. — Ice Tank Showing Multiple Lift of Monorail Type. 
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with perforator feed pipes which provide an even distribution of quan- 
tity as well as teiupcraturc of thawing water throughout the length of 
the tank. Air agitation is also used sometimes to further aid the even 
distribution of thawing water. These conditions tend to produce an 
even thawing of the ice so that all of the blocks will leave the cans at 
the same time when it is dumpo<l. Fig. 137 illustrates the layout of a 
steel thawing tank which is used in connection with multiple can lifts. 

Water Heaters.— In many ice plants a water heater is jdaced in the 
ammonia discharge line for the purpose of obtaining hot water for u.se 
in the thawing tank, air hea<ler, and thawing needles. These water 
heaters are usually of the multi-pass shell-and-tube type. In addition 
to supplying hot water, these heaters also assist in the separation of 
oil from the ammonia gas as it passes through the heaters. 



Fig. 140. — Multiple Can Crane and Hoist. 


Can Lifting Equipment.— In the larger plants (25 tons and up), the 
ice cans are commonly hoisted or lifted out of the ice tanks by hoists 
which handle one-fourth, one-half, or a whole row of ice cans. Various 
arrangements of cranes, hoists, can fillers, etc., are shown in Figs 138 
to 141. ^ 

^ In Fig. 138, tweb e ice cans are handled at one time by means of a 
bridge type crane. 
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In Fig. 139, uvel\ e ice cans arc hoisted and handled by means of a 
monorail crane system. In this system, monorail cranes are used to 
lioist the icc out of the tank and to carry same to end of tank, where it 
is transferred for the thawing and dumping equipment by means of a 
transfer crane. 

In big. 140, 31 400-lb. cans are hoisted and handled at one time. 
The crane is of tlie 2-motor, double I-beam type with 5 lifting points. 

In Fig. 141 the same crane is shown in the duminng position. 


Ice Scoring Machines — After the ice has been harvested in many 
of tlic modern ice plants, it is “scored” into 25, 50, or lOO-lb, blocks by 
means of sj^ecial scoring machines. These machines cut grooves on 
the blocks of ice by means of revolving saws, so that the blocks will 


4 



Fig. 141.-»MultipIe Can Hoist in Dumping Position. 


be scored or marked off in the size of pieces wanted. 

Some of the advantages of scored ice may be tabulated as follows : 

1. It eliminates short weight. 

2. It reduces delivery costs. 

3. It eliminates the necessity for trained wagon men, because the 
blocks are accurately marked and are easily separated. This is of spe- 
cial advantage if the ice has a tendency to shatter or check when cut 
with an ice pick. 
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QUESTIONS ON CHAPTER XI. 


1. Explain ihe principles underlying the operation of a system for 
making ice in which a liquefiable fluid is used as a refrigerant. 

2. What is the ice making capacity of a 16-in. diameter by 24-in. 
stroke two-cylinder, vertical, single-acting slow-speed ammonia com- 
pressor operating between the gauge pressures of 20 and 125 lbs., with 
water for making the ice at 65® F. ? 

3. What is the brake horsepower of the compressor described in 
Problem 2? 


4. In an ammonia compression ice plant, the suction pressure is 20 
lbs. and the brine temperature is 10® F. above the temperature of the 
ammonia. What is the freezing time for standard 300-lb. ice cans? 

5. How many 300 lb. ice cans must be installed in an ice tank to 
produce 50 tons of ice per day under the conditions prescribed in 
Problem 4? 


6. If the coefticient of heat transfer between the brine and ammonia 
in Problems 4 and 5 is equal to 50 Btu. per hour per sq. ft. per deg. of 
temp, diff., how many feet of lJ4-in. pipe must be installed in order 
to produce 50 tons of ice per day under the conditions listed in Prob- 
lems 4 and 5, if the temperature of the water gointr to the ice cans 
is 65® F.? 

7. How much shell-and-tube brine cooler surface would be neces- 
sary under the same conditions listed in Problem 6, if the coefficient 
of heat transfer is 80 Btu*? 


8. An ice tank makes 60 tons of ice in 400*lb. ice cans per day and 
has 18,000 ft. of l^^-inch. direct-expansion pipe. Find the heat transfer 
coefficient of the coil surface, when the suction pressure is 26 lbs. 
gauge and water at 75® F. is put into the cans for making ice. 


9. An ammonia compression system, operating between the tem- 
perature of 5® F. and 86® F. in the evaporator and condenser, is used 
to manufacture 50 tons of ice per day, with water at 65® F • find the 

flooded pipe surface to maintain the brine at 15® F. and the total num- 
ber of 300-lb. ice cans required. 


10 Find the horsepower required to produce a ton of ice under 

conditions m Problem 9, when vertical single-acting ammonia com- 
pressors are used. 



CHAPTER XII. 


PRODUCTION OF CLEAR ICE. 


Ice Freezing Systems. — Having observed those parts of ice manu- 
facturing systems which are more or less common to each system, it 
is now opportune to study those parts of the various systems which 
are directly related to the freezing process. The different systems for 
ice manufacture are characterized by the methods of producing the 
water for ice making or by the method of freezing the water. Thus, 
in the distilled water ice making system, water for ice making purposes 
is secured by condensing the exhaust steam from the steam engine that 
dri\ es the compressor ; while in the raw water ice making system, raw 
water is frozen into clear ice by agitating the water by some suitable 
means. 

Water for Making Ice. — Generally speaking, any water that is 
suitable for drinking may be used for making ice. The exaqt nature 
of the w-ater determines whether or not the cakes of ice, after they 
have been frozen, will be clear or opaque in appearance. Water which 
contains air or appreciable amounts of mineral matter will have an 
opaque appearance when frozen if means are not taken to prevent this. 
Water that has been distilled, of course, will be clear after it is frozen, 
if air is excluded. 

When ice was first made, many years ago, distilled water was used 
entirely. This was due to the fact that the prime movers consisted of 
steam engines, and it was a simple matter to take the exhaust steam 
from the steam engine, eliminate the oil, and then condense the steam 
for the purpose of using it in the ice cans. As the industry advanced, 
other means of driving the compressors were introduced, such as the 
electric motor, the oil and gas engine, etc. In this type of plant it was 
necessary to either provide means of producing distilled water or pro- 
vide means of producing clear ice from water which had not been dis- 
tilled, or which is commonly termed "raw water.” Water taken from 
rivers, lakes, wells, etc., is, therefore, termed “raw water” and the 
modern plant uses such raw water and makes clear ice. 
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It is well to note the exact process of freezing when the water con- 
tains air. mineral matter, or suspended solids. As soon as the water 
reaches the freezing point, crystals nf pure ice begin to form. These 
crystals are small and contain only pure water. Small amounts of air, 
mineral matter and suspended solids are caught and held between the 
pure ice crystals during the process of freezing. The formation of icc 
in this manner gives it the opaque appearance. 

Many means have been devised for keeping the foreign matter from 
freezing into the blocks of icc. In some cases the ice cans may be 
moved or tilted in order to accomplish this. In other cases the water 
may be circulated from one can to another. The method that is com- 
monly used at present consists of agitating the water in the cans by 
means of compressed air. The air pressure to be used for any par- 
ticular plant depends upon the nature of the water and the local con- 
ditions in the plant, so that the present type of air agitated systems 
may be divided into the low-pressure and the high-pressure type. In 
the low-pressure type, the pressure of the air used for agitating the 
water will vary from 2 to 5 lbs., while in the high-pressure system it 
will vary from 15 to 30 lbs. In all of these cases the primary object is to 
produce clear ice. 

As far as the refrigerating power is concerned, clear ice and opaque 
ice have nearly the same cooling effect. Trom a pathological view- 
point, it may be .said that clear icc and opaque icc arc equally pure. 
The purity in any case, of course, would depend upon the water supply. 
It seems that the general public has gotten into the habit of demand- 
ing clear icc, which accounts for its manufacture at present. 

Low-Pressure Air System.— As previously imlicated. in this type 
of system, air at a pressure of 2 to 5 lbs. is used for agitating the water. 
The usual arrangement nf this system may be ascertained by inspect- 
ing Fig. 142. The air is conducted to the cans through a system of air 
headers and lateral pipes. Drop pipes which extend to within 8 to 12 
ill. of the bottom of the can are connected to an automatic air valve 
which is located in the lateral pipes. By placing the drop-pipes with 
their connections on the automatic air valve in the lateral pipe, a siii)ply 
of air at low pressure is admitted to the can. 

The introduction of air into the bottom of the can in this manner 
causes the water to be agitated in a manner similar to boiling. The 
movement of the water across the freezing surface of the ice prevents 
air and other matter from becoming enclosed with the freezing ice 
crystals. 

The general arrangement of the w^ole system is shown by Fig. 133. 
The apparatus consists generally of a motor for driving the rotary 
low-pressure air blower (centrifugal blowers are used also) which 
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supplies the air to the pipe system on the tank top. In some cases an 
air conditioner for cooling and purifying the air is used between the 
blower and the tank top piping. The function of the rotary air blower 
is simply to compress the air to a pressure of 2 to 5 lbs. so that it will 



Fig. 142.— Low-Pressure Air Agitating System. 


flow through the piping system into the water at the bottom of the 
cans. The air conditioner may be cooled either by means of cold water 
or brine from the ice tank. It serves the purpose of cooling the air as 
well as removing part of'the moisture. The presence of moisture in 
the air circulating system may, of course, lead to operating difficulties 
in the event that the water becomes frozen in the connections. This 
is not very probable with the arrangement shown in Fig. 133, except 
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in the winter months, since no part of the connections comes in contact 
with the cold brine. In colder climates it is sometimes advisable to 
place hot water lines in the main air headers to heat the air so that 
moisture will not condense in the headers. 

The main air headers extend from one side of the tank to the 
other at one or more convenient places along the length of the tank. 
The lateral pipes extend between the headers and between each al- 
ternate row of cans. All piping and fittings are either galvanized or 
made of brass. 

The air continues to bubble up through the water until the block of 
ice is frozen nearly solid. At this point, due to the concentration of the 
impurities in the core, it is sometimes necessary to pump out this core 
and refill the space with water from the storage tank. The cold water 
is generally removed by means of a small motor-driven centrifugal 
pump which is connected by means of a flexible hose to a suitable core 
suction nozzle, similar to the arrangement shown in Fig. 133. 

.After the core space has been refilled with fresh water, the drop- 
pipes arc permitted to remain in the cans until the ice is very near the 
end of the pipe. The drop-pipes are then removed and placed upon a 
convenient rack. The automatic air valve in the lateral stops the 
flow of air as soon as the drop-pipes with their connections are re- 
moved from the cans. As soon as the water in the core space has 
entirely solidified, the cans with the ice may be removed from the tank 
in the usual manner. 

This type of system is well adapted for the freezing of relatively 
{Hire water and for use in the small and medium sized plants. The 
initial cost and the power cost are low. However, the cost of labor for 
harvesting the ice may become quite large. This is due to the fact that 
individual attention must be given to each of the double drop-pipes. 
To eliminate part of this extra labor several drop-pipes arc sometimes 
connected to an air lateral, in which case the system is called “the 
multiple drop-tube type.” This is shown by Fig. 143. In order to 
freeze ice with a smaller core many plants use drop tubes with side 
perforations which freeze in the block and then are thawed out with 
a warm water needle. 

High-Pressure Air System.— In the high-pressure air system, air is 
compressed to 20 to 30 pounds and then expanded to a working pres- 
sure of 15 to 18 lbs. on the air lateral. The arrangements of the air 
pipes in the cans are somewhat different from that of the low-pressure 
system. In the high-pressure system, the air tubes in the cans may be 
soldered in the corner of the can, soldered on the side of the can, 
fastened on the outside of the can and brought into the can at the 
bottom, or they may be suspended from the end of the can at the top. 
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Fiom this, it will be noted that the air tubes in one case are fastened 
Ijermanently to the ice can, while in the other case they are suspended 
from the end of the can. In all cases, the air pipe in the can is allowed 
to remain in its place until the block of ice has entirely solidified. In 
the event that the air i)ipe is allowed to freeze solidly into the block 
of ice, it, of course, must be removed by means of thawing. 



1 he general arrangement of the high-pressure air system is illus- 
trated by Fig. 144. The apparatus generally consists of a piston com- 
pressor for compressing the air to a pressure not exceeding 30 pounds. 
The air, after being discharged through the compressor, is led through 
a water-cooled precooler for the purpose of reducing the temperature 
of the air. From the precooler the air is taken to an air conditioner 
which is generally cooled by brine. The function of the air conditioner 
is not only to further lower the temperature, but also to reduce the 
moisture content. This is due to the fact that the moisture must be 
eliminated as nearly as possible from the air so that it will not become 
frozen in the various air connections. This is especially true when the 
air tube on the ice can is on the outside of the can, in which case the 
air tube is subjected to the temperature tjf the brine. Since the mois- 
ture condensed out of the air will collect and freeze upon the cold brine 
coils in the air conditioner, this apparatus is generally made in dupli- 
cate units, .so that one will cool the air while the other is being de- 
frosted. 

In case that the water contains a small amount of mineral matter, 
the block may be allowed to freeze solid without removing the core. 
In some cases, when the water contains exceptionally large amounts 
of mineral matter, it is necessary to remove the core in the usual man- 
ner as indicated in the low-pressure system. Of course, the ice may 
l)e harvested in the usual manner. 
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Fig.144. — High-Pressure Air Agitating System. 
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1 Ins type of plant is particularly well adapted for freezing waters 

which contain excessive amounts of mineral matter. Under general 

plant conditions, this type of air agitating system does not require as 

much attention as docs the low-pressure system. These facts make 

the sN.stem well ada]>ted for use on all sizes of plants, including the 
very larj^esl. 

The construction of single-cylinder air compressors is illustrated 
in hig, 14.=^. 



Fig. 145. — Single-Cylinder Air Compressor. 


Water Purification. -\'arious kinds of waters which are available 
for ice making are seldom suitable for producing clear ice without 
some means of reducing mineral content. In general, water will con- 
tain dissolved mineral matter and suspended matter. The three gen- 
eral methods of purification usually employed, consist of chemical 
treatment, distillation, and the base exchange process. Of course, in 
the case that the water is relatively pure, it is not necessary to provide 
treatment. The eft'ccts of dissolved minerals are the formation of 
sediment, discoloration, or deposit when the water is frozen into a 
block of ice. The effects of the individual minerals usually found in 
water may be ascertained by an inspection of Table 76. 
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Table 76. — Hffects of Foreign Matter in Water for Making Ice 


Minerals in Water and their 
Symbols 

Effect in Ice 

Result of Treatment 
with Hydrated Lime 

"Calcium Carbonate 
(CaCO,) or 

Calcium Bi*carbonate 
(CaCOy H,CO,) 

Form gritty, dirty colored 
deposit in the tee, usually in 
lower part and center oi 
cakes. Cause shattering at 
low freezing temperatures. 

^Eliminatioi 

"Magnesium Carbonate 
(MgCO,) or 
Magnesium Bi-carbonate 
(MgCO^ H,CO,) 

Form gritty, dirty colored I 
deposit in the ice, give un- 1 
clear appearance and also 
cause shattering at low 
. freezing temperatures. 

f Elimination 

1 

"Magnesium Sulphate 
(Mg SO,) 

tMagnesium Chloride 

(Mg Cl,) 

Form opaque greenish or 
grayish colored cakes, con- 
centrate mostly in cores and 
retard freezing. Often show 
up as white ice and dirty 
colored streaks, spots and 
heavy cores. 

Changes to Calcium Sul 
phate 

Changes to Caldum 
Chloride 

Sodium Carbonate 
(Na, CO,) or 

Sodium Bi carbonate 
(Na,CO,. H,CO,) 

1 

Sodium Sulphate 
(Na, SO,) , 

Sodium Chloride ^ 

(Na CO 

rio only small quantities' 
these carbonates are known 
to be a cause (or shattering 
at freezing temperatures less 
.than 15^, also 

Cause white ice, concentrate 
in the cores and retard i 
freezing, but do not form 
deposit. Also cause white 
shell around bottoms of 
cakes. 

4 

Purification improves but 
little; water with much 
of these carbonates pres- 
ent is unsuitable for ice 
making. Distillation is 
the omy way to remove 
sodium salts. 

"Calcium Sulphate 
(CaSO,) 

tCalcium Chloride 
(CaCl,) 

Act like and are no worse 
than the same salts of ; 
sodium, but are much less 
objectionable than the same 
salts of magnesium. 

1 

. 

Soda ash changes to so- 
dium sulphate. 

Soda ash changes to so- 
dium chloride. These 
changes with soda ash 
are seldom necessary (or 
tee making but always 
are for bouer feed. 

"Iron Oxide^Rust 
(Fe, 0,) 

1 Causes bad discoloration, 

1 yellow or brown deposit. 

^Elimination. 

"Aluminum Oxide 
(Al, 0,) 

^Causes dirty deposit 

^Elimination. 

4 

"Silica (Sand) (SiO,) 
Suspended Matter 

^Cause sediment 

^Elimination. 

Organic Matter 

/causes discolored cores. 

V Elimination. 


»« known as incrustcng or scale-forming substances. 
tThe calcium and magnesium chlorides are classed as corrosives, but all forms 

nit ^i*®*"* *® "h^dening salts.” The sodium salts do 

^ boiltr. but they cause foaming under certaio conditions. Tliey 
are clasted as non-mcruscing substances. amcj 
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Ihe first column of this table gives the names of the common min- 
erals in water, together with their chemical symbols. The second col- 
umn gives the various effects of such foreign matter in the ice. The 
third column indicates the result of treatment with hydrated lime. 
The most common impurities arc those of calcium bicarbonate and 
magnesium bicarbonate. When waters containing these bicarbonates 
aie either boiled or frozen, the bicarbonates are clianged into car- 
t)onates, and carbon dioxide gas is given oft'. The carbonates will 
f(irm a sediment in the block of ice, while the presence of the carbon 
dioxide gas will gi\e the cake of ice an opaque appearance. 

Minerals, in addition to formation of sediments, discolorations, or 
tleposits, tend to cause the ice to shatter and crack when they are 
present in large quantities. The usual method of treating water for 
ice-making purposes employs a water softener which uses lime and 
coagulants. The eff'ect of softening water by means of lime may be 
a>certained by inspecting the third column in Table 76. 

Sulphates, chlorides and nitrates of calcium, magnesium and sodi- 
um are generally found in water which is available for making ice. 
This class of mineral matter does not form scale, but tends to make 
the water hard. During the process of freezing they do not form a 
deposit, but merely become concentrated in the core. They may be- 
come so concentrated as to produce a discoloration of the ice and to 
retard the freezing process. The presence of even a small amount of 
iron oxide causes a bad discoloration in the ice, generally having a 
yellow or brown color. If the iron oxide amounts to more than 0.02 
grains per gallon, it is necessary to remove it by treatment. Suspended 
matter of any kind, of course, is objectionable and may be removed 
simply by the proper filtration. 

The amount of organic matter present in water will depend upon 
the locality of the plant, the season of the year, etc. Generally, it i.s 
present only during summer months. This is eliminated in the lime 
.softener by coagulation and filtration. The elimination of the organic 
matter in all cases is necessary, due to the fact that it not only causes 
discoloration of the core, but such di.scoloration may extend to all 
parts of the block of ice. 

When a can filled with water containing the foregoing impurities 
begins to freeze the first shell of ice that is formed is almost entirely 
free from minerals. Thus, this first ice shell is made of pure water, 
since it contains very little of the minerals present in the water before 
freezing. As the freezing process continues, the minerals and sus- 
pended matter are moved away from the ice surface by the currents 
set up in the water by the air agitation. This matter collects in the 
unfrozen water which finally becomes the core. .As the freezing con- 
tinues the concentration of the mineral matter becomes greater, so 
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that in the final stages the mineral matter begins to freeze into the 
ice, causing a deposit, discoloration, or other dilTiculties. Thus, it will 
be seen that the mineral matter and any suspended matter are finally 
concentrated in the core. Some of the difficulties arising from this 
action may be eliminated by pumping out this core water. 

When sulphates and chlorides are present in the water in sufficient 
quantities, they will tend to freeze into the ice during the early part of 
the freezing period, causing a white shell to be formed; but, as the 
process of freezing continues they become concentrated in the cold 
water, making the same brackish and briny, which retards the freezing. 

The carbonates of calcium and magnesium begin to freeze into the 
ice at a much earlier time than the other mineral matters. As pre- 
\iously indicated, these carbonates form sediment. This insoluble 
sediment is deposited in the lower and center parts of the cake. When 
the water contains a large amount of the>e minerals, this difficult\' 
may be somewhat avoided i)y pumping out large cores. 

The deposits which are formed by the carbonates of calcium and 
magnesium remain ins(tlublc when the ice melts, so that sediment is 
left in the ice box or any other place where the ice is melted. The 
other minerals which are soluble in the water redissolve as the ice 


melts and are drained away with the water. 

The total concentration of minerals in the water is the limiting 
factor although as mentioned before, certain minerals ha\ e particular 
effects in the freezing of good quality ice. Where sulphates predomi- 
nate the core is likely to be thick and heavv. This is not so true of 
chlorides and if the chloride content is ecjual to 10 percent or more of 
the sulphates the water will have a chluride type and cores will be 
lighter and narrower. 

On the other hand chlorides pn»ducc a greater tendency to shatter 
and crack tbe frozen blocks. This tendency is considerably retarded 
by treatment which introduces ammonium ions into the water. Usually 
ammonium sulphate or ammonium chloride is used for this purpose. 
The choice of which one depends upon the type of the water initially 
— whether the chloride to sulphate ratio is above or below 10 percent. 
University of Illinois Bulletins Nos. 25.3 and 254 (by Dana Burks, Jr., 
1933) report an exhaustive investigation of water treatment and freez- 


ing methods, 
above. 


They are the basis for the brief recommendations given 


The demineralizing treatment employing lime and alum or lime 
and sodium aluminate operates as follows: The first stage of the proc- 
ess consists of carefully proportioned and uniform mixing of the chemi- 
cals with the raw water. Various mechanical means for producing 
this result are employed, the primary considerations being a uniform 
mixing of the chemicals in the water and the maintaing of a correct 
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Ijroportion between the chemicals and the'water. The water, after be- 
coming charged with the chemicals, is led to a settling tank where 
suspended matter is allowed to settle out in a few hours. The preci- 
pitated matter collects in the bottom of the settling tank and may be 
drained off at suitable intervals. The softened water is then drained 
off at the top of the settling tank, and after passing through a suitable 
filter it is conducted to a cooling tank or to the ice cans. The function 
of the filter is to remove all traces of suspended matter. 

A base exchange method of direct removal of any desired propor- 
tion of the mineral content of water has been developed recently. It 
not only removes the calcium and magnesium carbonates but also the 
sulphates and chlorides as well. This equipment can produce water of 
a j)urity equivalent to distillation although for purposes of economy 
in cost the systems installed in ice plants do not demineralize the water 
to such a great extent. The cost of the equipment and its operation is 
well within the economic range of the ice plant. 

The direct distillation method was, of course; the method used in 
the beginning. This consisted of the distillation of the water from the 
steam boiler, the use of same in the steam engine, and finally the con- 
densation of it in a steam condenser. This process, of course, may be 
used with water containing any reasonable amount of mineral matter, 
since this matter is left in the evaporator or boiler. It is evident, how- 
ever, that many difficulties of operation will occur when water con- 
taining excessive amounts of mineral matter is used. The formation 
of scale in the evaporator or boiler may be practically eliminated by 
the use of a suitable water softener. 

The construction of the water treating equipment of the Inter- 
national Filter Co. is illustrated in Figs. 146 and 147. 

They diagrammatically show the standard water treating systems. 
Under certain conditions and when handling unusual waters, the 
recommended treating systems may differ slightly from those shown 
but these drawings indicate the standard arrangement used in the 
great majority of cases. 

Fig. 146 indicates the system where lime is the principal treatment. 
Fig. 147 indicates the treating plant which provides for lime treatment 
followed by the Neutralizer treatment. 

Referring to Fig. 146: The chemical mixing and feeding tank 
can be top operated as shown or ground operated as indicated by 
dotted lines. The automatic water control is always placed on top 
the sedimentation tank immediately over the downtake. The open 
cast iron coagulant feeder is placed alongside the water control and 
automatically feeds a small amount of alum as an aid to sedimentation. 

The chemical mixing tank is provided with a series of plow shaped 
agitators revolving in a vertical plane, thus providing up-and-down 




Fig. 146. — Water Softening Plant and Storage Tank. 
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Fig. 147. — Softener, Neutralizer, and Storage Tank. 
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agitation and maintenance of a uniform strength of chemical mixture. 
One set of agitators is provided with chemical cups which pick uj) 
the chemical mixture and deliver a measured stream into a collector 
funnel which delivers the solution to the raw water discharging into 
the downtake or reaction tube. 

The automatic water control consists essentially of a standard 
orifice over which a constant head of water is maintained by a control 
float and balanced valve. The control is such that when the treating 
plant is in operation water enters the softener at a constant rate of flow. 
The chemical mixing and feeding equipment delivers measured chemi- 
cal at a constant rate of flow thus insuring absolute uniformity of 
treatment. 

The water control is ])rovided with a tri]> assembly actuated by a 
float riding on the surface of the water in the sedimentation tank, so 
that when the amount of treated water used does not equal the capac- 
ity of the plant, the trip a.ssembly will automatically stop the motor 
driving the chemical mixer and shut off the balanced control valve. 
The water control and chemical feed will then be inoperative until 
the water level drops a pre-determined distance, at which time the 
trij) assembly will automatically open the water inlet valve and start 
the electric motor driving the chemical mixer and feeder, automatically 
putting the plant back in operation. 

The measured water and measured chemical meet at the top of the 
downtake, the stream of water being directed against the side of the 
downtake so as to impart a rotary motion to the water and thus provide 
for proper mixing and the beginning of efficient sedimentation. 

At the bottom of the downtake the treated water with precipitated 
impurities passes ottt through the slotted openings and with a con- 
tinued, but much slower rotary motion, the water passes upward, the 
sludge settling back through the water to the bottom of the lank where 
it is periodically blown off through the sludge system. 

The settled water is taken off near the top and passes to the twin 
sand filters. Entering the filters, the treated water passes downward 
through a bed of filter sand, then through layers of graded filter 
gravel and out through the collector systems. From the filters the 
water then flows by gravity to the storage tank. 

When the filters become clogged they are back washed by a 
reverse flow of filtered water from the storage tank, the inlet valve 
being closed and the waste valve opened. The wash water is distrib- 
uted by the manifold system, further distributed by the graded grave! 
and then passes upward through the sand bed, putting the latter in 
suspension and washing the collected impurities out to waste. 

The storage tank and sedimentation tank are of the same height 
so that the water level will equalize in the two if the filters are clean. 
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The filters are of such size that both of them, operating in parallel, 
will have a normal rate of filtration of but 1*4 g-p-m* per sq. ft. of 
filter area, based on the rated capacity of the treating plant. 

The chilled water is drawn from the storage tank to the can filler 
tank and from there placed in the ice cans which are then lowered into 
the freezing tank. 

Referring to Figure 147 ; The arrangement of this type of treating 
plant is very similar to that shown in Figure 146 except that the neu- 
tralizer treating equipment is placed between the lime treater and the 
filters. • 

The function of the neutralizer is to convert the deposit forming 
mineral matter that remains in the water after lime treatment to a 
more soluble salt which is not objectionable in these respects. 

When natural waters are properly treated with lime the objection- 
able carbonates of calcium and magnesium, the iron oxide, the silica 
and suspended matter are almost completely removed and conse- 
quently the difficulties they cause are very largely overcome. 

Complete elimination of all of these objectionable substances is 
not obtained, however, because the calcium carbonate is slightly solu- 
ble in water and there will remain, even after accurate lime treatment, 
two or three grains of this soluble calcium carbonate. When the water 
is frozen, this calcium carbonate will form a slight deposit in the core 
of the ice, leaving a slime after the ice has melted. 

By treating the water after lime treatment, in the neutralizer, the 
small amount of calcium carbonate remaining is changed to the soluble 
calcium sulphate. This eliminates the possibility of traces of deposit 
and also reduces the tendency to cause checking and cracking. As a 
result of -lime treatment followed by neutralizer treatment, ice entirely 
free from deposit may be produced and at the same time the water 
may be frozen at temperatures appreciably lower than is possible with 
untreated water. 

Using the combination lime and neutralizer treatment (see Figure 
147) the arrangement of the lime treater, filters, storage tank and can 
filler tank are similar to that described under Figure 146 with the 
neutralizer placed between the lime treater and filters. The equip- 
ment can be arranged for either top or ground operation. 

Wood solution tanks are provided for making up the neutralizing 
solution (iron free aluminum sulphate). These tanks are connected 
with the orifice measuring box — placed alongside and operated by the 
water control trip assembly on the lime treater. Whenever water 
enters the first treating tank a proportionate amount of neutralizing 
solution is fed from the orifice box into the type U control reservoir. 

The neutralizer control reservoir is placed between the lime treater 
and neutralizer. The diameter of the reservoir chamber is in definite 



PRODUCTION OF CLEAR ICE 


419 


proportion to the diameter uf the first settling tank, and of such size 
that each inch of depth will provide sufficient solution to treat an 
amount of water equivalent to each inch of depth in the first settling 
tank. 

Therefore, whether or not water is entering the lime treater, the 
level in the reservoir will change as the level in the first settling tank 
changes and the proper amount of solution will be fed to the water 
jjassing to the neutralizer tank. 

The neutralizing reaction is practically instantaneous, taking place 
in the brass reaction or downtake tube in the neutralizer tank. Two 
hours holding time is provided in the latter so as to give opportunity 
for ample coagulation and sedimentation before the water passes to 
ihe twin filters. 

Air for Agitation. — The amount of air that is required for propcrl)- 
agitating the water in the cans during the freezing process seems to 
depend in general upon two factors — speed of freezing and the relative 
amount of mineral matter present in the water. As previously indi- 
cated, air and carbon dioxide are present in the water during the 
freezing process, so that the volume of air circulated through the water 
must be increased as the speed of the freezing is increased to prevent 
these gases from being frozen into ice. 

In general, it may be said that the volume of air admitted to the 
ice cans should be increased from 1 to ZYi per cent for each degree of 
temperature that the brine is below 14® F. The amount of air to be 
admitted to the cans must be increased as the amount of mineral 
matter present is increased. The amount of mineral matter in the 
water seems to be the principal determining factor in the consideration 
of the amount of the air agitation. Since the outer part of the block 
near the can freezes faster, a number of plants using w’ater with higher 
mineral content employ a greater volume of air when the can is placed 
in the brine and then reduce the air flow when 1 in. or more of ice 
has frozen in the can. 

It seems that the pressure required for an air agitating system is 
of secondary importance, and that the circulation of the proper volume 
of air through the water is of primary importance. In either the high 
or low pressure system, during the principal part of the freezing proc- 
ess, it is evident that the pressure of the air at the bottom of the can 
will depend upon the depth of -the water in the can. The use of high 
pressure is, therefore, employed to give a large volume of air and to 
make it possible to continue the agitation until the cake of ice has 
entirely solidified. 

The air pressure required for agitating water in the different sizes 
of ice cans will vary from 2 to 5 lbs. in the low-pressure system, 2 lbs. 
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The Lower Pressures are used with Shorter or Smaller Cans. 
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pressure being used on the smaller cans and 5 lbs. being u^ed on the 
larger cans. There is some difference between the amounts of air 
required by the high- and low-pressure systems, the difference being 
in general that the high-pressure system may require the smaller 
amount of air. 

Some additional data on volume of air and horsepower required 
for agitation is shown in Table 77. 

Distilling System. — (J)riginally, ice was manufactured in commer- 
cial quantities by means of the distilled water system. In this type 
of plant, the apparatus consists principally of a steam boiler, a steam 
engine, the compressor, the distilling system and the freezing system. 
The water, after being taken from a suitable source of supply, is put 
into a steam boiler in which it is evaporated into steam for the purpose 
of driving the main steam engine. The steam engine is generally of 
the Corliss type and considerations of steam economy therefore arc 
not important, since it is generally desirable to allow tlie steam engine 
to produce enough exhaust steam which, after being condensed, will 
supply .sufficient water for making the ice. 

The exhaust from the main steam engine, as well as from the 
auxiliaries, is led through an oil separator. The function of the oil 
separator is to remo\ e all particles of oil which are carried along with 
the steam from the engine. It is important to remove as nearly as 
jiossible all oil or grease from the steam before it enters the steam 
condenser. After the steam has been freed from all traces of oil and 
grea.se, it then enters the steam condenser. In the ordinary ice making 
plant the function of the steam condenser is to simply convert the 
exhaust steam into water. It is, therefore, undesirable to try to 
maintain a vacuum in the condenser. Steam condensers for perform- 
ing this function may be constructed either in the atmosi)heric type of 
the galvanized sheet iron type. 

The condensed water is now led to the reboiler and skimmer. The 
function of this apparatus is to boil the water at atmospheric pressure 
to drive off any air or gases which may be contained in the water. Oil, 
grease, or other impurities rise to the top of the water and arc skimmed 
off, then allowed to drain to the sewer. The reboiler and skimmer 
are generally constructed in the cylindrical tank type and the rectangu- 
lar type. Live steam from the boiler is admitted into suitable pipe coils 
which are submerged in the w-ater. This causes the water to be 
reboiled, and thereby purified. The height of the water in the reboiler 
tank may be regulated by means of a float which is connected to a 
lever handled gate valve in the distilled water line at a point below 
the water in the storage tank. 

The hot water from the reboiler and skimmer is next led to a suit- 
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able uatei cooler The function of this apparatus is simply to lower 
he temperature of the water down to within a few degrees of the 

■oZ'Tri“T-° I" cooling water. The apparatus may be 

conslrucled in either the atmospheric or the double-pipe type. In the 

atmosplienc type the hot water from the reboiler is circulated through 

a \ ci leal pipe coil, while the cold water is allowed to flow over the 

outside of the pipe. The cooled water is next led to suitable filters. 

I hese filters usually contain charcoal, quartz or sand, which completes 

1 C iiroccss of purification of the water by removing any impurities 

u Inch would cause the ice to have an odor or taste. 

After the water has been filtered and purified in this manner it is 
next led to a storage tank. The level of the water in the storage tank 
IS controlled by means of a float valve. The storage tank should be 
made large enough to contain a supply of water for a convenient length 
<d time The water is conducted from the storage tank through a 
lubber hose and can filler into the ice cans. In some distilled water 
ice making plants it has been the practice to place a coil of pipe in the 
water storage tank and insulate same for the purpose of cooling the 
water to a lower temperature. The pipe coil in the water may be 
operated either on the direct-expansion system or by allowing the 
return vapors from the ice-making tank to pass through it. It is 

to use the direct-expansion system, 
instead of the return vapor system. This is due to the fact that unless 
the expansion val\ es on the evaporating coils are regulated properly 
the return vapors may become superheated upon passing through the 
water storage tank. 


Probably the best method of cooling the water is to shower the 
water over the outside of the vertical pipe coils which are fitted for 
the direct expansion of ammonia. By this means the water may be 
completely precooled to 33® or 34® F. The advantage of this system 
is obvious and is due to the fact that this amount of refrigeration work 
is performed on the outside of the ice-making tank. This will allow 
the ice-making tank to produce more ice. 

In the larger distilled water ice-making plants it is sometimes 
necessary, on account of economical considerations, to use compound 
condensing steam engines instead of single engines. This arrange- 
ment is used in order to produce more ice per ton of fuel. In the larger 
plants it is, therefore, necessary to use compound condensing engines 
which have a low fuel consumption and a proportionate low steam 
consumption. In this case, the exhaust steam from the steam engines 
is not sufficient for ice making purposes and an additional amount must 
be supplied by a suitable evaporator. 

In this type of plant, the additional apparatus consists of an evap- 
orator, a steam condenser witli an air pump, and a vacuum reboiler. 
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The exhaust steam, after passing through the oil and grease separator, 
enters the evaporator under a vacuum. The evaporator is, in turn, 
connected with a regular steam condenser which operates under a 
much higher vacuum. The maintaining of a high vacuum on the 
condenser side of the evaporator makes it possible to evaporate the 
water in this portion of the evaporator at a lower temperature. The 
whole equipment is so regulated that the temperature in the evaporator 
on the high vacuum side is such that the incoming steam from the 
oil and grease separator is condensed, and at the same lime the tem- 
perature in the evaporator portion which is under low vacuum will 
produce the necessary additional water vapor. 

The original exhaust steam from the oil and grease separator, 
together with the additional vapor formed in the evaporator, passes 
on to the steam condenser, where it is converted into water. The 
water, after being reboiled in a vacuum reboiler, flows either by 
gravity or through an automatic pump to a skimmer. The rest of the 
cycle of operation of the jdant using the evaporator is identical with 
the one previously described. 

The arrangement of the distilling apparatus on the small or medi- 
um-sized plant is shown by Fig. 148. In this system, the water drains 
by gravity from the steam condenser through the various parts of 
the apparatus to the storage lank. In some cases, it is not possible 
to locate the steam condenser at such an elevation that would produce 
the gravity flow of water. In this case, it is necessary to pump the 
water from the steam condenser to the rcboiler, from which it drains 
by gravity through the coolers and filters to the storage tank. In 
Fig. 148, it will be noted that the steam, after ])assing through the 
oil and grease separator, passes directly into a galvanized sheet-iron 
steam condenser. This condenser is usually termed the flask con- 
denser. The cooling water is showered over the outside of the conden- 
ser, thereby condensing the steam on the inside. The condenser is 
protected from excessive pressure by a suitable relief valve. The\' 
are also generally provided with suitable vents for purging off non- 
condensable gas. 

The condensed steam flows to the reboiler, which is of the cylin- 
drical tank type. The reboiler float tank is connected directly to the 
reboiler so that the water level in the reboiler may be regulated to a 
certain height. The reboiled water passes next to an atmospheric 
distilled water cooler and after being cooled to a temperature varying 
from 70° to 90° F., it passes through the charcoal filters to the storage 
tank. 

Storing of Ice.— After the ice has been manufactured, as previously 
indicated, it is stored in suitable rooms until it is ready to be sent to the 
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Fig. MS—Distilling System, Gravity Type. 
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ultimate consumer. The ordinary ice plant should have a small daily 
ice storage room located near the ice tank into which the ice is dumped 
from the cans. The size of this room should be such that it will hold 
from three to ten times the output of the plant per day. The floor 
area for the daily ice storage room, in which the blocks of ice are 
generally placed on end instead of being stacked, may be estimated 
by allowing 14 sq. ft. per ton of ice for 300-lb. blocks, and 11 sq. ft. for 
400-lb. blocks. These figures will allow sufficient room for aisles, etc. 
Since the ice blocks are stood on end only, the height of the ceiling need 
not be great and in general should range from 8 to 10 ft. 

Daily ice storage rooms may be refrigerated by means of direct- 
expansion piping, or brine piping. In the more modern plants, direct- 
expansion piping is used for refrigerating the ice storage. However, 
under certain local conditions, depending upon the layout of the plant, 
etc., brine taken from the ice freezing tank may be circulated through 
the coils in the ice storage room for maintaining the proper tempera- 
tures. 

The proposition of pro\ iding a yearly storage into which the output 
during the slack season is stored, is one of economic importance. In 
general, the proposition must be analyzed from all possible viewpoints, 
giving especial attention to the desirability of using an ice storage, 
the design of the building for ice storage, the economical means for 
refrigerating same, etc. 

Shut-downs of short j)eriods due to mechanical difficulties of opera- 
tion may not prove so disadvantageous when the plant is equipped 
with the proper storage capacity. 

In order to determine the most economical size of a storage room 
for a given plant, such factors as the demand for ice throughout the 
year, the greatest demand during the summer, the probabilities of 
future expansion, etc., must be taken into consideration. The prin- 
cipal determining factor in the consideration of the size of an ice 
storage is the distribution of the ice sales throughout the year. Table 
78 has been prepared to show the relation of the ice sales distribution 
and the magnitude of the ice storage room for a plant which is manu- 
facturing 25 tons of ice per day. 

Column 3 gives the distribution of ice sales throughout the various 
months of the year. Column 4 indicates the full load capacity of 25 
tons per day. Column 5 shows the estimated sales per month. Column 
6 indicates the shortage that would occur during the months of maxi- 
mum demand for ice. Column 7 indicates the proper amount of 
storage in the months of smaller demands in order to offset the 
shortage. 

After the amount of ice storage has been determined in a manner 
similar to the foregoing, the number of cubic feet of capacity in the ice 
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r.vBLE 78. Ice Sales, Distribution and Storage. 


Month 

Days 

Distribution 

Capacity 

Sales 

Shortage 

Storage 

January 

31 

2% 

775 

183 



1 

rebruary . . . . 
March 

.... 28 
.... 31 

2% 

3% 

700 

775 

183 

274 

*44 

517 

501 

April 

.... 30 

5% 

750 

457 

^ $ 4 

293 

May 

June 

T i 

.... 31 

8% 

775 

730 


45 

.... 30 

15% 

750 

1,368 

618 

July 

.... 31 

17% 

775 

1,551 

776 

• 44 

August 

.... 31 

17% 

775 

1,551 

776 

4 • • 

September .. . 

.... 30 

14% 

750 

1,277 

527 

• 49 

October 

.... 31 

8% 

775 

730 

4 4 4 

45 

November , , 

. . . . 30 

6% 

750 

547 

4 4 % 

203 

December . . . 

.... 31 

3% 

775 

274 

4 4 4 

9 • 4 

501 

Total ... 

» « • • 3^S 

100% 

9.125 

9,125 

2,697 

2,697 


storage room may be estimated by allowing 45 to 50 cu. ft. per ton 
of ice stored. The preferred dimensions of the ice storage room should 
be as nearly as possible to those of a cube. These dimensions give a 
room with the largest cubic capacity and with the least amount of 
wall, floor and ceiling area. 


Any of the up-to-date materials of construction may be used for 
constructing the ice storage room. Brick, concrete and wood arc 
commonly used. Ice storage rooms made with brick have the walls 
strengthened by building pilasters on the outside. The thickness of 
the wall and the detail of design of same depend upon the height of 
the wall, the layout of the plant, etc. The foundation and floor, of 
course, may be constructed of concrete. The roof is supported by steel 
girders which in turn are supported by the pilasters and the walls. The 
ceiling proper may be made of concrete and supported by means of 
beams between the lower members of the girders. Reinforced concrete 
construction may begased throughout the room, in contradistinction 
to brick and wood. The ice storage room may also be constructed by 
the use of concrete blocks or hollow tile in combination with the steel 
.skeleton to support the roof. The ice storage room may be constructed 
of timber in a similar manner. 

The ice storage room should be insulated on the ceiling, floor and 
walls with A-in. cork or mineral wool boards. The insulation should 
be attached to the ceiling construction in an efficient manner, and all 
insulation should have the joints broken so as to reduce the loss of 
refrigeration to a minimum. The wall and ceiling surfaces should be 
finished with emulsified asphalt. The floor may be constructed by 
putting down a concrete base, after which the sheet insulation is 
applied with hot asphalt. A wearing surface of a few inches of con- 
crete is then added over the insulation. 
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The temperatures of the ice storage room should be maintained at 
■ 26"’ to 28® F. The refrigerating piping should be laid out in a manner 
•SO as to distribute the refrigeration about the room in the proper 
manner. 

The handling of ice in the storage room should also receive at- 
tention. The daily ice storage room, the yearly ice storage room, and 
the loading platform should be laid out with the idea of reducing the 
labor required for the handling of the ice to a minimum. The daily 
storage room may be equipped with mechanical conveyors for moving 
the ice from the room to the loading platform. The yearly storage 
room should be equipped with the proper number of ice elevators, or 
in the event that the room is not high enough to warrant the installa- 
tion of the elevators, ice piling machines should be used. 


QUESTIONS ON CHAPTER XII. 

1. Describe and name the ad\anlages of the low-pressure air 
system as used in raw water ice making plants. 

2. Describe and name the advantages of the high-pressure air 
.system in raw water ice plants. 

3. Explain fully how impurities in water affect the water during 
the freezing process. 

4. Name some of the common impurities in water which is used 
for ice making, and describe the effects of such impuritic.s. 

5. Describe the methods employed for the removal of common 
impurities in the water. 

6. Name and describe the various factors which affect the amount 
of air required for agitating the water during freezing process. 

7. Describe fully the distilled water ice making system. 

8. Since ice freezes faster as the temperature is lowered, why is 
it not advisable to increase plant output by freezing ice at —20® or 
-30® F.? 

9. Determine the size of a yearly ice storage room for a 100-ton 
ice plant having an ice sales distribution as shown by Table 78. 

10. Why does the white core of an ice block have a flavor different 
from that of the water from which the ice is frozen? 
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COOLING SOLIDS, LIQUIDS AND GASES. 


Creamery and Dairy Refrigeration. — The production of milk, but- 
ter, cheese, and ice cream is increasing each year. The production of 
milk runs into hundreds of billions of pounds, sufficient to provide 
each person in the country with two and one-half to three pints of 
milk daily. 

Production of butter in the United States has shown a more marked 
upward trend than population. There has been a pronounced shift 
from the production of butter on farms to factory production. This 
change has been due to the necessity of increasing the supply and of 
more sanitary methods of production. Refrigeration has been a promi- 
nent factor in both instances. 

Improvements in the manufacture of cheese have very materially 
increased the manufacture of this essential food in the United States; 
the annual production amounting to practically a half billion pounds. 
The number of factories engaged in producing cheese show a steady 
increase from year to year. 

The manufacture of ice cream has shown a great increase during 
the past five years and this is due largely to more efficient methods of 
production in which mechanical refrigeration has played the most 
prominent part ; the number of ice cream plants throughout the United 
States shows a steady increase from year to year. In 1930 the esti- 
mated production of ice cream in the United States amounted to 345 
million gallons. This would be equivalent to 2.8 gallons per person 
a year. 

Mechanical refrigeration is a necessity in keeping milk at a proper 
temperature and also in the process and manufacture of other com- 
modities in which milk is the base. United States Government inspec- 
tion, sanitary, and other regulations in the vario'us states has made it 
obligatory that milk and milk products shall be maintained at tem- 
peratures which will preserve their nourishing qualities and keep 
them safe for human consumption. 
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Need of Refrigeration. — From the f()regt)ing, it will be observed 
that the creamery and dairy industry is one of the most important of 
the country, since it supplies daily foods. The need of refrigeration 
in the transportation and distribution of the milk supply is apparent. 
The sources of the supply are quite distant in general from the more 
thickly populated districts such as the large cities, so that the time 
required to transport the milk will vary from 36 to 48 hours. In this 
case, if the temperature of the milk is allowed to rise to 60* F., or 
abov e it will become badly contaminated. To reduce the danger of 
disease, the milk is pasteurized, after which it is cooled to a temper- 
ature of 35* to 40* F,, to prevent the growth of bacteria. After being 
bottled or put into suitable cans, it may be stored a short time at this 
temperature, after which it is distributed to the ultimate consumer. 

Of the total amount «)f butter produced in the United Slates, about 
95 per cent is consunie<l within a short period after production. This 
period will vary from a few days to three months. The remaining 5 
per cent is held in cold storage warehouses at a low temperature 
for periods varying from three to fifteen months. The storage of this 
amount of butter helps to keep the price of the butter more uniform 
during the winter montlis, when there is a scarcity of butter. 

The need of refrigeration for producing ice cream is apparent. In 
fact, ice making and ice cream making require very near the same 
kind of refrigeration work. This, in general, amounts to cooling of 
the milk or water to the freezing temperature, the freezing of the 
material, and the lowering of the material to a low temperature, to- 
gether with other losses which occur in the plant. Refrigeration is 
used in cheese factories not only for the purpose of cooling milk and 
water, but also for the cold curing of cheese. 

From the foregoing, it will be appreciated that the use of mechani- 
cal refrigeration in the manufacture of these various commodities is 
a necessity, not only from the sanitation viewpoint, but also from that 
of efficient means of production. 

Typical Creamery and Dairy Plant. — Many commercial plants are 
devoted exclusively to the production of one particular commodity, 
either milk, ice cream, or cheese. However, in many commercial 
jjlants, since the manufacture of the various products is so closely 
related, two or more are produced within the same plant. Such a 
plant generally produces cooled and pasteurized milk, cream, butter 
and ice cream for the ultimate consumer. One of the small typical 
creamery and dairy plants used for the production of milk, ice creamy 
butter, etc., is shown by Figs. 149, 150 and 151. Fig. 149 represents 
the basement plan of such a factory. The mechanical equipment, such 
as steam boilers, steam engines, electric motors, compressors, and 
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Fig. 149. — Basement Plan of Typical Creamery and Dairy Plant. 
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other refrigerating equipment, are located in the basement. The first 
floor contains the ice cream freezing room, the ice cream hardening 
room, the butter storage and the milk storage, together with a small 
refrigerator for retail trade. The second floor contains a cream storage, 
ice making tank, and ice storage room. The various auxiliary appara- 
tus used in the condensing department, the pasteurizing department, 
the ice cream mixing department, are located at suitable points. 

From the foregoing, it will be observed that there are many points 
about the factory where refrigeration must be used. The refrigeration 
per day required in a small typical plant of this size is listed in the 
following tabulation: 

(1) To cool 1500 gallons of milk from 80* to 40* F. 

(2) To cool 3750 pounds of ice cream mix from 80* to 40* F. 

(3) To cool 200 gallons of milk from 80* to 60* F. 

(4) To cool 500 gallons of cream from 80* to 50“ F. 

(5) To cool 500 gallons of buttermilk from 80* to 60* F, 

(6) To freeze and harden 750 gallons of ice cream. 

(7) To make six tons of ice. 

(8) To cool 400 gallons of water from 80* to 40° F, 

(9) To maintain the hardening room at 0* F. 

(10) To hold the ante-room to the hardening room at .32* 1*. 

(11) To hold the butter storage room at 32° F. 

02) To hold the milk storage room at 35* F. 

( 13) To hold the cream storage room at 30° F, 

( 14) To maintain the ice storage room at 28“ F. 

(15) To cool the small retail sales refrigerator. 

Refrigeration for Cooling Milk, Cream and Buttermilk.— In order 
to eliminate as nearly as possible the bacteria contained in milk, the 
milk is pasteurized. This consists of either bringing the milk up to a 
temperature of 140® or l.''0° F. and holding it at this temperature for 
20 or 30 minutes, or raising the temperature to 160° or 165° F., and 
holding it at this temperature from one-half to one minute. The first 
process is preferable and is the one that is generally used. After the 
milk has been pasteurized it should be reduced in temperature to 35° 
or 45° F. as soon as possible. This cooling should occupy from one 
to two hours. The cooling of the milk from the high temperature to 
a lower temperature of 80° to 85° F. is accomplished by means of the 
use of cool water. Refrigeration is generally used to reduce the tem- 
perature below this. Sometimes, cold brine is used to cool the warm 
milk coming from the pasteurizer. This imposes an additional and 
unnecessary load upon the refrigeration equipment. 

Figure 152 shows the arrangement of a milk cooler which uses 
water and brine for cooling the milk. In this cooler, the milk at a 
high temperature coming from the pasteurizer is allowed to flow over 
the outside of the vertical pipe coils. The upper pipes are cooled by 
water which lowers the temperature of the milk to 80° to 85° F. The 
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lower section of the pipe coil may be cooled by cold brine or cold water 
which reduces the temperature of the milk to 35° or 40° F Another 
type of milk cooler is shown by Fij?. 152a. In this apparatus, the cold 
raw milk is heated in a heat exchanger by the hot milk coming from 
the pasteurizer. The milk is further cooled by cold brine or water in 
the lower section of the vertical pipe coils. In addition to these types 
of coolefs, double pipe horizontal helical coil coolers may be used. 
iJircct expansion milk coolers may be used also. As previously indi- 
cated water is used to cool the milk (or cream) to 80° to 85° F. 


WARKl P-ROM 

PASTt-ORIZfcR — 



Fig. 152.— Overflow Milk Cooler. 


From the milk coolers, the milk generally goes to a bottle filler or 
is filled directly into milk cans. It is then put into the storage room, 
or is shipped from the factory. By the time it has been bottled or put 
into the cans, the temperature will have risen from 35° or 40° F. to 
60° or 70° F.. so that in estimating the total amount of refrigeration, 
a double cooling effect must be allowed if the milk is put into the 
storage room immediately after being bottled or put into the cans. 
Due to the fact that the cooling of the milk after it has been pasteur- 
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ized must be rapid, the refrigeration requirement during this period 
is quite large. It is, therefore, generally necessary to provide a large 
cjuantity of brine for the purpose of absorbing this heat. Under this 
condition, the refrigerating machine would have a smaller capacity 
and would operate throughout the entire day if necessary. 

The refrigeration required to cool a given 
amount of milk or cream in a given time may be 
estimated by using the following formula : 

H=WXSX (t.-l:) 

where H = heat to be removed 

\V = weight of cream or milk in Ihs. 

S = specific heat Btu. per lb. 
ti = higher temperature 
ts = lower temperature 

The weight of milk is approximately 8.6 lbs. 
per gal., while the weight of cream is about 8.4 
lbs. per gal. The specific heats of milk and cream 
may be taken from Table 83, Chapter X\ . The 
refrigeration required to cool 1,000 gals, of milk 
from 80® to 40® F. would be calculated as fol- 
lows : 

H = 1000 X 8.6 X 0,90 X (80 - 40) = 309.600 Btu. 

If this cooling is produced by allowing brine 
to rise from 8° to 28® F., it is evident that a cer- 
tain quantity of brine would be required. This 
would depend upon the specific heat of the brine 
and the weight per cu. ft. In the case that the 
specific gravity of the brine is 1.20 and the speci- 
fic heat is equal to 0.70, the cu. ft. of brine re- 
quired may be calculated as follows : 

309,600 = W X 0.70 X (28* - 8") 

W “ 309,600 -4- (0.70 X 20) 

= 22150 lbs. Fig. 152a.— Counter- 

cu. ft. = 22150 (62.S X 1.2) Flow Milk Cooler. 

= 295 

The refrigeration required for cooling the cream is calculated in 
a similar manner. The refrigeration required to cool buttermilk may 
be estimated to cool the equivalent weight of water, since the butter- 
milk contains a very large percentage of water. 

Refrigeration for Ice Cream Making. — As previously indicated, the 
refrigeration required for making ice cream is very similar to that for 
freezing ice. Details of the operation are somewhat different, and 
much lower temperatures are required in the production of ice cream. 
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The ice cream mix is composed of various constituents, depending 
upon the Cjuality of cream desired, the flavor, etc. The ice cream mix 
is generally made up and then stored for from 24 to 48 hours. The 
following tabulation gives an idea of the composition of ice cream mix: 


Ingredients Per cent solids 

11.0 lbs. sugar 10.45 

1.0 lbs. filler and flavor 0.50 

16.66 lbs. butter 14.00 

8.45 lbs. skim milk powder 8.05 

62.89 lbs. water 00.00 


100.00 lbs. mix 


33.00 total solids 


Ingredients Per cent solids 

ll.O lbs. sugar 10.45 

1.0 lbs. filler and flavor 0.50 

13.2 lbs. butter 84% 11.08 

72.8 lbs. milk 4% 9.13 

2.0 lbs. skim milk powder 1.90 


100.00 lbs. mix 33.06 total solids 

The ice cream mix. after having been stored for a short time, is 
put into the freezers. The ice cream freezers may be cooled by either 
direct evaporation of liquid refrigerant or by cold brine. The freezers 
consist generally of a horizontal cylinder around which is a jacket for 
the refrigerant. The ice cream mix is put into the cylinder at a tem- 
perature of 35® to 50® F. Suitable dashers whip the cream during 
the freezing process. The ice cream freezers are made in various sizes, 
\ arying from 10 to 25 gals, per freezing. The ice cream mix is allowe<l 
to remain in the freezers for 5 to 10 minutes, at the end of which time 
it is in a state similar to thick syrup. The temperature required in 
the cooling jacket of the ice cream freezers varies with the nature of 
the cream being frozen and in general will vary from —15® to 5® F. 
During the process of freezing the ice cream mix swells about 70 to 
80 per cent in volume due to the whipping and freezing. The condi- 
tion of the mix, the relative temperature, size of batch, speed of dasher, 
etc., afifect the relative amount of swell or overrun. 

Direct-expansion ice cream freezers may be used also. These 
eliminate brine coolers, pumps, and lines. A representative type of 
direct-expansion freezer is shown by Fig. 153. 

The extent of the expansion of the cream during the freezing 
process depends upon the foregoing factors. After the cream has 
been partly frozen in the freezer it is withdrawn and put into cans. 
These cans with the ice cream are then stored in a room of low tem- 
perature. The temperature in these rooms will, in general, be about 
0® F. However, in some instances hardening room temperatures as 
low as —30® F. have been used. The storing of the cream in the room 
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<•1 low lemperaturc allows the cream lo freeze entirely iiUn a solid state. 
In small plants, where the capacity is quite low, the ice cream may 
he hardened hy siihmerging the cans into a tank of cold brine. In 
jdanls having larger cajiacities the still-air hardening room may be 
used. 



Fig. 153. — Creamery Package Ammonia Ice Cream Freezer. 

The hardening rooms are generally refrigerated by means of direct- 
expansion pipes, which are arranged in the form of shelves. The 
cream to be hardened is placed directly on these shelves and allowed 
to remain in the hardening room from 36 to 72 hours. In the hardening 
rooms which employ forced air circulation, the direct-expansion pipes 
are generally located in a bunker. A fan is used to circulate the air 
across the coils and then down around the ice cream cans. Still-air 
hardening rooms will, in general, require about l/j U>2 cu. ft. of cubic 
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capacity per gallon of ice cream produced per day. This will allow 
2 to 3 days’ storage of the daily production. 

From the foregoing it will be noted that the refrigeration consists 
of cooling the raw material, the removal of part of the latent heat of 
fusion and some cooling in the freezer, the removal of the rest of the 
latent heat of fusion and the final cooling in the hardening room, the 
removal of heat transmitted by insulation and other losses. 

From the nature of the process it will be observed that it is more 
difficult to estimate the exact refrigeration requirements than when 
ice is made. This is due to the fact that the specific heat of ice cream 
before freezing, the latent heat of fusion, and the specific heat of the 
ice cream after being frozen will vary with the kind of cream to be 
produced. Approximate figures for the specific heat and the latent 
heat of fusion of ice cream may be taken from Table 83 of Chapter XV. 

Tlie weight of ice cream after it has been frozen will depend upon 
the swell or the increase of volume during freezing and the specific 
gravity of the mixture. In the event that the swell is 75 per cent and 
the specific gravity is equal to 1. 10, the weight of a gallon of ice cream 
would be calculated as follows: 

1 

( ) X 8.33 X 1.10 = 5.24 lbs. 

1,00 + 0.75 

In general, it may be said that the ice cream containing only extract 
flavoring will weigh approximately 5 lbs. per gal. after it has been 
frozen ; ice cream containing fruit, nuts, etc., will weigh somewhat 
more, generally about 6 lbs. per gal. Using the values for the specific 
heats and the latent heats of fusion given in Table 83 of Chapter XV, 
the refrigeration required to freeze and harden a gallon of ice cream* 
from a temperature of 50® F. to a temperature of 0® F. may be cal- 
culated as follows : 

Cooling to freezing point 1 X0.78X (50 — 26) = 18.72 Btu. 

Latent heat of fusion 1X90 = 90.00 

Cooling after freezing IX 0.45 X (26 — 0) = 11.70 Rtii. 

Total refrigeration per ih 120.42 

If the ice cream weighs 6 lbs. per gal. it would, therefore, require 
6 X 120.42 = 722.5 Btu. per gal. The loss of refrigeration through the 
walls of the cold rooms could be estimated by the methods outlined in 
Chapter VIII. After this and other losses have been determined, the 
refrigeration required must be based upon the foregoing calculation — 
that is, 722.5 Btu. per gal. For small plants, additional refrigeration 
required to offset the heat transmission through the insulation and 
other losses may be estimated as being equal to that required for 
cooling and freezing the cream. In this case, the total refrigeration 
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could be estimated by allowing 722.5 -}- 722.5 = 1445 total Blu. per gal. 
This is in line with the old rule of thumb which stated that a one-ton 
refrigerating plant running 12 hours per day would produce refrig- 
eration for 100 gals, of ice cream. 

288,000 

This would be equivalent to = 1440 Btu. per gal. 

2X100 

The refrigeration required for the ice cream freezer may be taken 
as the heat required to cool the ice cream mix to the freezing point 
and one-half the latent heat of fusion. The refrigeration in the ice 
cream hardening room may be taken as being the other half of the 
latent heat of fusion, together with the amount of heat required to 
cool the ice cream from the freezing point to the temperature of the 
hardening room. After the heat to be absorbed in the ice cream 
freezer has been determined, the quantity of brine to be circulated may 
be estimated; and in a similar manner, after the heat to be removed 
in the hardening room has been determined, the amount of direct- 
expansion piping to be installed in the ice cream hardening room may 
be estimated. 

Of course, in addition to cooling the ice cream, the heat tliat is 
transmitted through the insulation in the ice cream hardening room, 
as well as the heat entering with the warm air from the out.Mde, must 
be removed. 

Under general plant conditions, when ammonia is used as the 
refrigerant, a back pressure of approximately 5 lbs. must be carried 
in order to maintain the hardening room at a temperature of 0® F. 

Ice that is required for packing purposes will vary with the local 
conditions at the plant and the size of the plant, and in general will 
range from 10 to 20 lbs. per gal. of ice cream manufactured. Under 
general plant conditions, it will be advisable to manufacture the ice 
that is needed in the ice cream manufacturing plant itself when the 
capacity of the plant is 750 or more gals, per day. Under this same 
condition, the compressor working on the ice tank should be operated 
throughout the day. From the foregoing it will be noted’ that com- 
paratively low temperatures are required in the ice making factory, 
as well as comparatively high temperatures. This often makes it 
necessary to install a refrigerating system which will operate at two 
back pressures. 

The refrigeration for ice cream freezing and hardening rooms may 
be produced by the low pressure machine, while that required for 
cooling the cream, milk, water, and for ice making may be produced 
at the higher suction pressure. The brine for circulation through the 
ice cream freezers may be cooled either in the ice making tank or in a 
special cooling tank. If the brine is cooled in the ice making tank it 
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is necessary to keep the brine temperature quite low, which makes it 
necessary at times to install a special tank for cooling the brine for 
ice cream freezers. Refrigeration is generally produced in this sort 
of tank by means of submerged direct-expansion coils. 

It is also advantageous at times to install a double-pijje brine cooler 
for the i)urpose of assisting the brine cooling tank or the ice making 
tank in cooling the brine. The brine pump is used to circulate the 
brine through the brine cooling tank and the brine cooling apparatus 
to the freezers and other parts of the plant that must have brine 
refrigeration, 

Water Cooling Systems. — Mechanical refrigeration is being used 
extensively for the cooling of water in industrial plants. Cooled water 
is necessary in the manufacture of soft drinks, drinking water systems, 
and various other commercial uses. Drinking water systems for 
supplying cooled water for drinking purposes are now installed in 
liutels, hospitals, theaters, schools, factories, office buildings, depart- 
ment stores, etc. Cooled water is used for commercial uses in such 
industrial plants as paper manufacturers, ruhlier manufacturers, 
l)akcries, chemical factories and soft drink manufacturers. 

Drinking Water Systems. — Due to the demand for more sanitary 
conditions about factories, mills, foundries, as well as in hotels, office 
buildings, the older type of water distribution systems has been super- 
seded by the drinking water system which supplies water cooled by 
mechanical refrigeration. After the water has been taken from the 
source of supply, it is passed through a cooler and then into the water 
distribution lines. These are generally covered with some efficient 
insulator, and at suitable intervals fountains are attached to these 
water lines. The advantages of this method of water distribution for 
drinking purposes are obvious. It supplies water that contains a 
minimum of bacteria and which is attractive in appearance. It elimi- 
nates the spread of disease which might be iran.smitted through the 
use of common drinking vessels; it supplies water at a proper temper- 
ature f<jr the body: it reduces the time recpiired for workmen, em- 
ployes, etc., to get water. 

Water for drinking purposes may be cooled in general by two 
systems. The first system is known as the open system and is shown 
diagrammatically by Fig. 154. This is known as the open system 
because the water is cooled by allowing it to flow in an open flow over 
a vertical pipe coil which contains a suitable refrigerant at low tem- 
perature. The water is admitted to the plant from the city supply mains 
through a filter. The amount to be admitted is controlled by means of 
a float valve connected to a float in the water cooling tank. This main- 
tains the water at a predetermined level in the tank. After the water has 
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been cooled by flowing over the cold refrigerating coils it is led to a 
circulating pump, which discharges the cooled water into the distribut- 
ing system. This generally consists of a loop of piping, arranged 



about the building. These loops of piping generally are made of pipe 
varying in size from one inch to two inches, depending upon the length, 
the quantity of water used. 

At suitable intervals upon this loop of piping the fountains are 
attached at which the workmen may get cooled, clear water. Any 
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waste water is allowed to drain to the sewer. After the water has 
passed through the loop it is again returned to the water cooling tank, 
and, with the fresh water from the city mains, it is cooled by allowing 
it to flow over the refrigerating coils again. A pressure of 10 to 15 lbs. 
is maintained at the highest point in the system by applying a relief 
valve to the water line just before it returns to the water cooling tank. 
1 he refrigeration may be produced by the evaporation of any suitable 
refrigerant. In the case of the use of ammonia as the refrigerant, the 
coils are generally made of continuously welded pipes to reduce the 
danger of a leak. The ammonia compression system, operating at a 
fairly high back pressure, is generally used for producing the refrig- 
erating effect. 


1 



In the closed system the water is cooled in a closed tank which 
contains the refrigerating coils. This is shown diagrammatically by 
Fig. 155. The water, after being cooled, is taken from the bottom of 
the water cooling tank and is led to the water circulating pump, which 
discharges the cooled water into the distribution system. After being 
circulated through the distribution system, it returns to the top of 
the water cooling tank. The make-up water, or the water that is used 
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and wasted, is led in through suitable tilters to a make-up lank. This 
water flows from the make-up lank into the main water cooling tank. 
The distribution system is constructed in the same manner as that for 
the open type system. 

Quantity and Temperature of Water Required. — The amount of 
water consumed per person depends upon the character of the work, 
the weather conditions, etc. In general, the quantity consumed per 
person will vary from 0.10 to 0.40 gals, per-hr. The lowest consump- 
tion would be lor female employes engaged in work which requires a 
minimum amount of physical exertion. The figure for the average 
condition in an industrial plant would be probably 0.25 gals, per person 
per hr. In steel foundries and other places where the work is strenuous 
and the temperatures arc high, the amount may be equal to as high 
as 0.30 to 0.40 gals, per-hr. per person. 

The most healthful temperature for the cooled water seems to be 
between 45® and 50® F. Water that is too cold may produce ill effects, 
while water that is too warm will not quench the thirst. It has been 
proven from practical experience that water at this temperature is the 
most acceptable from the various viewpoints and that it is consumed in 
the larger quantities. The use of water at the temperatures mentioned 
undoubtedly promotes the more desirable working conditions, result- 
ing in better work or larger volume. 

Piping Systems.— As previously indicated, the loops of piping for 
distributing the water about the building are generally constructed of 
one-inch to two-inch pipe. The water in these loops of piping is cir- 
culated so that the rise of temperature of the water in passing through- 
out the circuit will not be more than 5® F. In other words, the water 
will rise from approximately 45® to 50® F. in passing through the 
circuit. This supplies water to all of the fountains at a desirable 
temperature. It has been found in practice that the water will remain 
clear and sparkling if the velocity in the water distributing system is 
kept below 180 ft.p.m. This fact, together with the length of the loop 
and the quantity of water consumed, determines the size of the pipe 
to be used in making the distributing system. The size of pipes that 
are generally used in the construction of the water distributing system, 
■the capacity of such pipes in order to limit the velocity of the water to 
three feet per second, or 180 ft.p.m., and the maximum permissible 
length of same are shown in Table 79. 

The velocity of the flow of water through a pipe may be determined 
by dividing the quantity charged in a given length of time by the area 
of the pipe. This may also be expressed in a formula as follows : 



Table 80 . — Dimensions of Standard Pipe. 
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P. M. 

V = 

2.448 D2 

where V = velocity of the flow in ft. per sec. 

G. P. M. — gal. per min. discharged by pipe 

D = actual internal diameter of the pipe, inches 
2.448 — a constant 

The dimensions of standard heavy and extra heavy steel or wrought 
iron pipe are given in Tables 80 and 81. 


Table 79. — Drinking Water Piping Systems. 


Pipe sue 

Gals, per min. 

Maximum length of 
circuit in feet 


2.8 

600 


S.0 

1200 

I 

8.1 

1700 

1% 

14.0 

2600 

VA 

19.0 

3200 

2 

31.5 

4800 

2y2 

44.5 

5700 


Refrigeration Requirements. — Refrigeration is required for cooling 
the make-up water or the water that is used and wasted, to offset the 
heat loss through the insulation on the water distributing system, to 
offset the heat generated by the friction of the water in the system. 


Table 82. — Heat Transmission of Nonpareil Cork Covering for Cold Pipes. 

Btu. per lin. ft. per deg. of temp. diff. in 24 hours. 


Pipe Size Ice Water Std. Brine Special 

incb«9 thickness thickness thickness 


% 

2.42 

2.12 

1.64 

2.74 

2.36 

1.84 


3.17 

2.71 

2.13 

H 

3.37 

2.87 

2.39 

1 

3.64 

3.11 

2.43 

V/a 

4.15 

3.22 

2.70 


4.50 

3.32 

2.84 

2 

5.20 

3.80 

3.20 

2^ 

6.17 

4.21 

3.75 

3 

6.55 

4.49 

4.21 

SA 

7.00 

4.78 

4.00 

4 

7.46 

5.55 

4.49 

4^ 

8.05 

5.26 

4.28 

5 

8.90 

6.05 

4.78 

6 

9.53 

6.85 

4.95 

7 

11.00 

7.68 

5.71 

8 

12.10 

7.88 

6.20 

9 

13.15 

8.15 

6.76 

10 • 

13.70 

9.02 

7.33 

12 

18.00 

10.40 

8.36 

14 


11.30 

9.00 

16 


12.60 

10.00 
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and to make up for other losses such as the absorption of heat througii 
the water cooling tanks, etc. The refrigeration required for the cooling 
of the make-up water will generally consist of cooling the water from 
the temperature of the water in the city supply mains to the tempera- 



ture of the water leaving the water cooler. The temperature of the 
water coming from the city supply mains in the summer time will vary 
from 60® to 75° F. The temperature of the water leaving the cooler 
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should be a{)proximately 45° F., and it should return at a temperature 
near 50° F. 

The heat absorbed by the water distributing system is a large part 
nf the total refrigeration load on the plant. The quantity of heat ab- 
sorbed will depend upon the relative size of the pipe, the mean tem- 
perature difference between the air and the water, and the thickness 
and kind of insulation used upon the pipe. The heat transmission for 
cork covering in Btu. per lineal foot per degree of temperature differ- 
ence per 24 hours for different sizes of pipe is shown in Table 82. 

This tabic gives the transmission of Nonpareil cork covering of ice 
water, standard brine, and special brine thickness. The ice water 
thickness is generally used upon the pipes for drinking water systems. 
The heat loss through the insulation on the water coolers may be es- 
timated by the methods which were outlined in Chapter VIII. The 
refrigeration required to offset the heat generated by the friction of 
the system may be allowed for at the rate of one Btu. for 778 ft-lhs., 
which is the mechanical equivalent of heat. 

Figure 156 shows a layout of a typical water cooling plant such as 
would be be installed in a factory. The water from the city supply 
mains, after passing through a water meter and filter, enters a water 
cooling tank. The water circulating pump takes the water from the 
cooling tank and discharges it into the two circuits. A small vertical 
single-acting ammonia compressor with suitable auxiliary equipment 
produces the necessary refrigerating effect. The refrigeration required 
for the two circuits may be estimated in the following manner, if the 
circuits have the lengths indicated by Fig. 156 and each man consumes 
0.v35 gallon of water per hour. 


Calculations for Circ uit .•\. 


Length of lines 
Number of workmen 
Water consumption, 600 X 0.35 
Approximate size of lines, from Table 79 

4.50 

Heat absorbed by line, 3,400 X X (90-47.5) 

24 

Weight of water to absorb heal, 

27093-^ (50-45) 

Gallons per hr. 6,340 -5- 8.33 

650 -f- 210 

Gallons per min. = 

60 

14.3 

Velocity of water = 


= 3,400 ft, 

= 600 

= 210 gals, per hr. 

- I'/iin. 

= 27,093 Btu. per hr. 


= 5,418 Ihs. per hr. 
= 650 



»= 2.25 ft. per sec. 


— 135 ft. per min. 


2.448 X 1.61 X 1.61 
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Cai,(.ulatio.\s kor Circuit B. 


Lctigth of line 
Number of workmen 
Water consumption -100 X 0.35 
Size of line 


3.64 


= 1.800 
= 400 

= 140 gals, per hr. 
= 1 in. 


Heat absorbed by line 1,800 X X (90-47.5) = 1 Btu. per lir 


24 

Weight of water to absorb heat, 
11,602 (50-45) 

Gallons per hr. 2..320 8.33 

140 + 278 

Gallons per min. 


60 


V’elocily of water 


6.96 


2.448 X 1.048 X 1.048 


= 2.320 lbs. per hr. 
= 278 

= 6,96 


= 2.59 ft. per see. 
= 155 fi. per min. 


Cai.culation ok M.\in Sui’Ki.Y Link. 


Size to supply ill. and 1 in. branches 
Length of line. appn).'ciinate 
.Amount of wa er = 14.3 + 6.96 

21.26 

Velocity of water = 


2.448 X 2.067 X 2.067 


5.20 

Heat absorbed — 100 X X (90-45) 

24 

Weight of water to absorb heat = 21.26 X 
00 X 8.33 

975 

'remperaturc loss = 


10.625 


= 2 in. 

»= 100 ft. 

~ 21.26 gals. 

= 2.03 ft. per see. 


122 ft. per tnin. 
975 Rtii. per hr. 


=-• 10,625 

~ o.fwr K. 

'remperalnre of water from tank. 45° —0.09° = 44.91' F. 


Caucui-ation ok M.mn Rhukn Link. 


Size 

Length of line, approximate 

650 + 278 
.Amount of water 


60 


Velocity of water 


15.5 


2.448 X 1.61 X 1.61 


Heat absorbed 75 X 


4.50 

24 


X (90-50) 


Weight of water, 15.5 X 60 X 8.33 

562 

Temperature loss 


7,747 


Temperature of water returned to tank, 
50° + 0.072° F. 


“ I’/i in. 

« 75 ft. 

“ 1,5.5 gals, per min. 


= 2.44 ft. per sec. 

= 146 ft. per min. 
= 562 Btu. per hr. 
= 7,747 

= 0.072° F. 

= 50.07° F. 
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Refrigeration for Water. 

Heat to cool supply water (210 + 140) X 

8.33 X (75-44.91) = 87,727 Btu. 

Heat to cool return Avater (650 -|- 278) X 

8.33 X (50.07-44.9) =39,890 

Total refrigeration 127,617 

Refrigeration capacity, 127,617 12,000 = 10.6 tons 

Water Cooling for Industrial Purposes. — In addition to cooling 
water for drinking purposes, mechanical refrigeration is used quite ex- 
tensively at present for cooling water for various industrial plants. 
Water at a low temperature is now a necessity in such plants as rub- 
ber factories, bakeries, wax paper factories, die works, manufacture of 
chemicals, explosives, etc. In nearly all of these applications of me- 
chanical refrigeration the cold water acts merely as a carrier of re- 
frigeration. This is due to the nature of the apparatus in which the 
cooling is to be done, and also to the nature of the process under con- 
sideration. The refrigerating requirements, therefore, will depend 
upon the nature of the process, the amount of material being cooled, etc. 

The water may be cooled by any of the different types of coolers. 
These generally consist of a metallic container for the refrigerant. The 
temperature of the boiling refrigerant is maintained a few degrees 
below the temperature of the water. The heat then flows by natural 
tendency from the water into the refrigerant, causing it to be evap- 
orated directly. The type of cooler that is used upon the larger in- 
stallations consists of a series of vertical direct-expansion pipe coils. 
OA’er which the water is showered. This cooler has the advantage of 
being safer to operate, in that a layer of ice forms on the coil surface 
and only a reduction of capacity will be encountered. Due to the fact 
that the velocity of the water over the pipe coil surface is appreciable, 
the heat transmission is good. 

Also, in the large installations in which the temperature of the re- 
frigerant isn’t very far below the freezing temperature of the water, 
the double pipe water cooler may be used to advantage. Of course, if 
the refrigerant temperature is allowed to become too low, the water 
may freeze in the pipes, causing them to burst. The velocity of the 
water passing through the double pipe cooler is quite large, which 
means that the heat transmission is very good. Thus, a small amount 
of heat transmitting surface is required. The double pipe cooler has , 
the additional advantage of delivering the cooled water to the plant 
under pressure. 

In the smaller installations, the submerged direct-expansion coil 
water cooler mav be used. It is evident also that in anv of these water 
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coolers, that instead of using a liquefiable fluid as the refrigerant, cold 
brine may be used. 

General Refrigeration Requirements. — Since mechanical refrigera- 
tion is used for cooling purposes in very many industrial plants, it is 
evident that the refrigeration requirements for a plant will depend 
upon the different kinds of work being done, the kinds of materials 
produced, methods of production, etc. As previously indicated, the 
refrigeration requirements will depend upon several factors, such as 
the refrigeration required to offset the heat generated in the room 
by motors, lights, heating, kettles, men; refrigeration to absorb the 
heat transmitted through the walls and insulation; refrigeration to 
cool the air required for ventilation purposes ; refrigeration required 
to cool the material stored, or products of manufacture. In many com- 
mercial applications of refrigeration, there are changes of state from 
liquid to solid, from solid to liquid ; from liquid to vapor, and vapor to 
liquid. The heats evolved during these different processes may be 
termed the latent heats of fusion, or evaporation, fermentation, heats 

of composition, crystallization, etc. 

Table 3 of Chapter II has been compiled, from various sources, to 
show the characteristics of various metals, organic compounds, in- 
organic compounds, etc., which may require refrigeration in industrial 
plants. The first column of this table gives the names of the elements 
or compounds. The second column gives the specific gravity with the 
specific gravity of water being equal to one, The third column gives 
the temperature range or the temperature in degrees hahrenheit for 
the corresponding specific heats. The fourth column gives the values 
of the specific heat in Bin. per pound. The fifth column gives the 
melting temperature in degrees Fahrenheit. The sixth column gives 
the latent heat of fusion in Btu. per pound. The seventh column gives 
the boiling temperature in degrees Fahrenheit. The last column gives 
the latent heat of vaporization in Btu. per pound of material. In some 
cases, the material to be given consideration will not be listed in Table 
3, Chapter II, in which case their characteristics may be determined 
by referring to tables which appear in various well known handbooks. 


QUESTIONS ON CHAPTER XIII. 

1. In the consideration of refrigeration requirements for creamery 
and dairy plants, what are the principal parts which require refrigera- 
tion? 

2. It is desired to cool 2,000 gals, of milk per hr. from 80® to 40® F., 
and to cool 4,000 gals, of cream per hr. from 70® to 40® F. What is the 
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refrigeration power required when this work is done on the hourly 
basis? What is the refrigeration power when the refrigeration is per- 
formed on the 24-hr. basis? 

3. Ice cream has a swell of 72 per cent, a specific gravity of 1,07, 
and is cooled from the temperature of the mix at 60® F. to the hardened 
cream at a temperature of 5® F. Find the actual refrigeration required 
to cool, freeze, and harden 2,000 gals, per day of 12 hrs. 

4. If the losses about the plant amount to 100 per cent of the actual 
work for cooling and freezing the cream, what would be the actual 
refrigeration capacity to freeze and harden the cream described in 
I’roblem No. 3? 

.r If 15 lbs. of ice per gal. are required for packing and shipping 
])urposes, and water is ax ailable at 70® F. for ice making purposes, find 
the total daily tonnage capacity of the above plant when it is desired 
to freeze and harden 2,000 gals, of ice cream, to cover the various losses, 
and to make the necessary ice. 

6. If one-half the latent heat of fusion and the heat required for 
cooling before freezing is removed in the ice cream freezer, find the 
quantity of brine to be circulated in 8 hours to freeze the above 2,000 
gals, of ice cream, when the brine is warmed 2® F. in passing through 
the freezers. 

7. A drinking water system consisting of four loops of distributing 
piping, each 3,000 ft. long and each supplying 500 men with drinking 
water, is to be installed in a factory where the temperature during the 
hotter summer months is 90° F. Find the refrigeration capacity of the 
plant to be installed to produce the cooling effect equal to the heat 
leakage through the insulation on the cold water pipes and that re- 
quired for cooling the water that is used. 

8. Determine the compressor cylinder size for the refrigeration 
plant described in Problem No. 7, when a slow-speed horizontal dou- 
ble-acting ammonia -compressor is used which operates between the 
suction pressure of 40 lbs, per sq. in. gauge and the condensing pres- 
sure of 185 lbs., and which has a stroke equal to twice the diameter 
of the piston. 

9. Determine the amount of direct-expansion coils to be used in the 
water cooler for the above water cooling plant, when the overflow pipe 
coils are used and when the submerged pipe coils are used. .^Iso, what 
would be the capacity of the water circulating pump in gallons per 
minute? 

10. Quenching oil is to be cooled from 95° to 60® F. at the rate of 
6,000 gals, per hr. The specific gravity of the oil is 0.900 and the speci- 
fic heat is 0.45. What would be the refrigerating capacity of the ma- 
chine to produce the desired cooling effect if the ammonia is allowed 
to absorb all of the heat required to cool the oil from 95° to 60° F.? 
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COLD STORAGE BUILDINGS. 


Benefits of Cold Storage. — Many different articles arc stored at 
present at low temperatures. The purpose of this cold storing is 
chiefly the preservation or the prevention of decay. Food commodities 
are probably the most important materials which are cold stored. Many 
food products are produced during certain seasons of the year and it 
is evident that there would be great waste from decomposition before 
they could reach the ultimate consumer if use were not made of re- 
frigeration. 

Quite similarly, the use of refrigeration lengthens the period of 
consumption of various food products. It is now possible to have a 
variety of the different foods throughout the various seasons of the 
year. This improves the health of mankind in general. Also, by the use 
of refrigeration, food may be transported from the points of ])roduction 
to the more thickly settled centers of population. It is possible by 
means of refrigeration to ship food products across the continent or 
across the seas. Due to the fact that the use of mechanical refrigera- 
tion effects the conservation of the food supply, as well as the efficient 
transportation of same, prices of such food products are lowered and 
equalized. 

The present development of the cold storage industry as a public 
benefactor has depended almost entirely upon the introduction and the 
utilization of refrigeration produced by mechanical means whereb> 
temperatures are assured ranging from —15® F. to dO® F. The ease 
with which these various temperatures are maintained by mechanical 
means in a properly constructed and insulated cold storage warehouse 
is surely one of the modern types of industrial science. 

♦ 

Articles Placed in Cold Storage. — As previously indicated, numer- 
ous articles are stored at various low temperatures. Among the food 
products stored, the following are the most important; Meats, poultry, 
game, fruits, vegetables, fish, oysters, eggs, dairy products. It will no 
doubt be interesting to note the extent of the use of low temperatures 
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for storing commercial commodities. As an indication of the numerous 
articles which are placed in cold storage warehouses at present the 
following list, taken from Ice and Refrigeration Blue Book and Buyers’ 
Guide, shows that as high as 125 different articles may be found in one 
of the largest cold storage warehouses: 



List of Articles 

Anchovies 

Cucumbers 

Apples 

Currants 

Apple Waste 

Dates 

Apricots 

Dried Fish 

Asparagus 

Dried Fruits 

Bananas 

Dried Meats 

Beans 

Eggs 

Beer 

Eggplant 

Berries 

Evap. Apples 

Brussels Sprouts 

Evap. Peaches 

Buckwheat 

Fabrics 

Bulbs 

Ferns 

Butter 

Figs 

Cabbages 

Fish for Bait 

California Fruits 

Flour 

Candied Fruits 

Flowers 

Canned Goods 

Food Fish, Fresh 

Carrots 

Fruit Juices 

Cauliflower 

Furniture 

Caviar 

Furs 

Cereals 

Game 

Cheese 

Garments 

Cherries 

Grapes 

Chestnuts 

Grape Fruit 

Cider 

Gutta Percha 

Citron 

Hams 

Clams 

Herbs 

Condensed Milk 

Holly 

Confectionery 

Honey 

Crabs 

Hops 

Cranberries 

Horseradish 

Cream 

Jellies 


Held in Cold Stohagk. 


Lard 

Pineapples 

Laurel Leaves 

Plants 

Leeks 

Potatoes 

Lemons 

Poultry 

Lettuce 

Preserves 

Limes 

Provisions 

Lobsters 

Prunes 

Macaroni 

Radishes 

Maple Sugar 
Maple ^rup 
Meats, Fresh 

Raisins 

Rhubarb 

Rice 

Melons 

Salad Dressing 

Mushrooms 

Sauerkraut 

Nursery Stock 

Sausage Casings 

Nuts 

Scallops 

Oils ' 

Shallots 

Oleomargarine 

Shrimp 

Olives 

Silks 

Olive Oil 

Skins 

Onions 

Smilax Leaves 

Oranges 

Smoked Fish 

Oysters 

Smoked Meats 

Parsley 

Spinach 

Parsnips 

Sponges 

Peaches 

Squash 

Peanuts 

String Beans 

Pears 

Sweetbreads 

Peas 

Syrups 

Peppers 

Turnips 

Pickles 

Wines 

Pickled Fish 

Woolens 

Pickled Meats 

Yam 


To this list might be added such articles as anatomical parts, vac- 
cine lymph, grains, seeds, roots, hides, leather, canned goods, and 
many other items. 

The proper storage temperatures, specific heats, latent heats of 
fusion, of some of the common materials placed in cold storage are 
given in Table 83, Page 472. 

General Location of Warehouses. — Since the commercial cold stor- 
age warehouse may be classed as a public benefactor, it should be lo- 
cated at a point which is most convenient to the trade. It is evident 
that consideration should be given to the country producer and ship- 
per, as well as the wholesale and commission merchants in the city in 
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which the cold storage plant is located. A suitable location fur such 
a cold storage plant would be one that would best serve those who 
make use of the plant. 

It is evident that such a plant should be located near the railroad 
so that carload shipments may be rccei\ ed or shipped from the plant. 
It also should be located in the center of its distribution district for the 
merchants in the city. Ample amount of private switcli tracks should 
be provided so that several cars may be loaded or unloaded at the same 
time. Of course, the exact amount of trackage to be installed will de- 
pend upon the size of the plant, as well as the nature of the work which 
is being done. Also, in considering the general arrangement of the 
plant relative to the teaming and railroad facilities, it is evident that 
the plant should be so laid out that the labor required for handling the 
material would be reduced to a minimum. Especial attention should 
be given to the methods of handling the local trade by teams or trucks. 

In the event that trucks and wagons are allowed to drive across the 
sidewalk or street up to the property line of the building, a narrow 
loading platform may be constructed just on the outside of the build- 
ing. This arrangement saves a valuable space which would otherwise 
be occupied in the building. The goods may l)e loaded from the plat- 
form into the nxmis, or from the rooms onto the plaform. In the event 
that the loading and unloading must be done within the boundaries of 
the property, a practical method is to construct a loading court with a 
platform on the property so that the loading, will not interfere with the 
traffic on the street. This loading court generally occupies part of the 
first floor and is near the level of the street. The second floor of the 
l)uilding, of course, may be extended over this loading court, in winch 
case the floor is supported by suitable columns. The space required 
for such a loading platform and loading court would be from 30 to 40 
ft. in depth. 

An additional consideration relative to the general location of the 
cold storage plant is that of handling the material required for the 
plant. This is especially true of fuel and water. In the event that the 
plant is driven by means of steam engines, proper facilities for han- 
dling and storing fuel should be provided. In a similar manner the 
water which is required for the operation of the plant, as well as that 
for the ammonia condensers, should receive attention. It is evident 
that the providing of a sufficient amount of water for the plant pur- 
poses is a^ question of economic importance. Thus, it is necessary to 
compare the cost of the water when taken from the city mains with 
the cost of supplying the water from wells, lakes, rivers, or canals, by 
means of equipment installed in the plant. Also, it is evident that the 
relative geographical location of the plant, which in turn affects the 
temperature of the water, is an important consideration. 
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From the foregoing it will be observed that the ultimate financial 
success of an individual cold storage warehouse is dependent upon 
many factors, and that the whole proposition must be analyzed from 
the various viewpoints in order to arrive at a successful solution of 
the problem. 


Cold Storage Warehouses. — Modern cold storage warehouses have 
been built principally in two types of construction. These are the fire- 
proof and the slow-burning types. The permanency of the fireproof 
construction, the low rate of depreciation, the low maintenance cost, 
and better sanitary conditions about the building are some of the fac- 
tors in favor of this type of construction. This construction makes it 
possible to secure the hiwest insurance rates. Similarly, in the larger 
cities, where the value of the land is high, it is necessary to erect tall 
buildings, and the fireproof construction lends itself to this necessity. 



Fig. 157. — Beam and Girder Floor Construction. 


On the other hand, when the cost of the construction must be kept 
down, or in localities where lumber is cheap and when large sizes are 
available, it may be economical to adopt the slow-burning type of con- 
struction. This construction is generally termed “mill construction ’ 
and means a slow-burning building which has incombustible walls 
and roof, and in which the columns supporting the floor are not less 
than 10 in. by 10 in., with the girders and other principal members of 
the structure in the same proportion. All structural iron and steel 
which is used in erecting such a building must be covered with two 
inches of fireproof material. This type of building must be protected 
by a suitable automatic sprinkling system. In this respect it will be 
noted that on account of the use of low temperatures in many of the 
cold storage rooms it is necessary to install a sprinkling system which 
is termed “the dry system.” In the event that it is necessary to adopt 
the slow-burning construction, particular attention should be given to 
the details of the construction of the building, such as the method of* 
supporting the floors, the size of the columns, the thickness of the 
floors, the protection of the outside walls, etc. 
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in the fireproof construction reinforced concrete is used principally 
at present in cold storage buildings which do not exceed ten stories in 
height. The maxinuuii height of a reinforced concrete building is de- 
termined in some manner by the size of the columns to he used in the 
lower floors. It is evident that much larger columns must be used when 
constructed of concrete, as compared to columns of the same strength 
constructed of steel. The maximum diameter of concrete columns in 
the lower floors seem to be about 30 in., which, with the ordinary floor 
loading of cold storage buildings, will limit the height of the building 
to approximately ten stories. Generally, when it is necessary to make 
the cold storage warehouse more than ten stories high, it is desirable 
to use steel construction. Thi.s type may be from 10 to 20 ])er cent 
more expensive than the reinforced concrete type. 



Construction of Floors.— Since a large majority of the modern cold 
storage warehouses are constructed of reinforced concrete, the major 
consideration of this type of construction will be presented only, in 
the ultimate analysis it will be noted that the floors of a cold storage 
warehouse comprise an important element in the building construction 
and should be designed to meet the special requirements and condi- 
tions. Fig. 157 illustrates a type of floor construction which has been 
used sometimes. This is termed the “beam and girder” construction 
and is used in order to reduce the thickness of the floor slab to a mini- 
mum. 

Upon an inspection of this design it will be noted that the refrig- 
erating pipes cannot be placed very near the lower side of the floor slab. 
This means that there will be considerable waste space at this point, 
which in turn means that the building must be built higher in propor- 
tion to this loss without any gain in the available refrigerated space. 
An additional objection to this type of construction is that it may in- 
terfere with the vigorous circulation of the air about the room, w’hich 
in turn means that moisture may be precipitated on the ceiling. 

Fig. 158 illustrates another type of construction which is similar to 
the one shown in Fig. 157. In this type of construction, the cross- 
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beams are omitted, the floor being supported on girders which extend 
from column to column. With this construction the refrigerating pipes 
may be placed near the ceiling, thereby reducing the necessary height 
required for the different stories. This type of construction is used 
where it is necessary that the floor be drained properly in such plants 
as packing houses, etc. 



Fig. 159. — Flat Floor Slab Type of Construction. 


Fig. 159 illustrates whatsis known as the “flat floor slab type” of 
construction. In this the beams and girders are omitted and the floor 
is made somewhat thicker and is more heavily reinforced. The floor 
is supported by means of columns which may be placed at suitable 
centers, varying from 16 to 20 ft. This type of construction adapts 
itself very well to the construction of cold storage warehouses, and is 
used extensively at present. The flat ceiling allows a vigorous circula- 
tion of air about the room, and the refrigerating pipes may be placed 
in either direction and close to the ceiling. It is also evident that with 
this construction the height per story of the building may be reduced 
to a minimum. 

Construction of Walls. — Walls for cold storage warehouses are 
constructed of many materials at present, such as brick, stone, re- 
inforced concrete, tile, or a combination of these materials. In general, 
the selection of the type of material to be used in the cold storage wall 
depends upon the type of the wall. In the higher buildings in which 
the weights of the walls are supported by the internal skeleton of the 
building, it is desirable to use as light a material as possible in order 
to reduce the weight of the building. When the building consists of 
five stories or less it is generally advisable to use a self-supporting 
wall to entirely enclose the building. In buildings which are higher 
than five stories the skeleton construction may be used, in which case 
the walls are supported by the various floors and columns. These walls 
are known as curtain walls and are generally constructed of brick or 
a combination of brick and tile. In either the low or the high building 
the walls are used simply to enclose the building, the floors and roof 
being supported by the interior construction. 
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Since it is the purpose of the walls to retard as much as possible 
the flow of the heat from the outside to the inside, materials which 
have a high resistance to the flow of heat should be used. This does 
not mean, however, that the heat resisting power of the wall should 
be taken into consideration when estimating the refrigeration require- 
ments, as has been indicated previously, but it means that the wall 
should be constructed in such a manner as to prevent as much as it 
is possible to do so the entrance of moisture to the surface of the insu- 
lation. 

In this respect it will be observed that the use of solid brick or 
concrete walls will not give such efficient service as some other material 
which may have a higher moisture resisting power. Thus it will be 
noted that hollow tile, protected on the outside by a layer of hard 
brick, would probably prove to be the most economical construction. 
The hollow tile not only resists the entrance of moisture in a better 
manner than brick or concrete, but also has a heat resisting power due 
to the enclosed air spaces. In the erection of hollow tile walls it is gen- 
erally advisable to plaster the surfaces. The cost of the plastering is 
not excessive and the appearance of the wall is greatly improved. 

Fig. 160 illustrates a cold storage wall which is constructed of 
hollow tile and hard vitrified brick. This figure shows a self-support- 
ing wall as applied in cold storage warehouse construction. The same 
construction, however, may be used equally well in the skeleton con- 
struction, in which case the wall is known as a curtain wall. Of course, 
the thickness of the walls is determined by the design of the building, 
the city ordinances, and the insurance regulations. Nolhwithstanding 
the fact that brick walls are quite porous and will allow very appre- 
ciable amounts of moisture to be carried to the insulation, they are 
used quite extensively for exterior construction at present. 

Insulation of Cold Storage Buildings. — As previously mentioned 
in the chapter pertaining to “Heat Transmission in Insulation and 
Apparatus,” the purpose of the insulation in a cold storage building 
is to prevent as much as possible the flow of the heat from the outside 
to the inside of the building. The m<;st efficient method of securing 
this result would be to entirely enclose the building in an envelope of 
an efficient insulator, and this is the method pursued in the greater 
part of the modern cold storage warehouses. The methods adoi)led 
for producing this result are shown as h)llows : 

Fig. 160 shows how the insulation on the outside of a building may 
be made continuous and how it may be connected to the insulation in 
the floor of the building so as to make a continuous envelope of insu- 
lator. The columns in this type of construction are known as split 
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columns. The self-supporting wall is anchored securely to the main 
structure of the building by means of anchor bolts. It is evident that 
the insulation may be carried in a continuous manner to the roof. 

Fig. 161 shows a type of construction which is sometimes used in 
a smaller building. In this type of construction the load of the floor 
and roof panels which adjoin the walls are carried by beams which 
are supported by the walls. In order to reduce the heat transmission 
to a minimum the insulation is placed around the ends of the beams as 
shown by Fig. 161. 
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Fig. 161.— Cold Storage Walls for Small Rooms. 


When one considers the great number of materials which may be 
kept in a single cold storage warehouse it is evident that many differ- 
ent temperatures of rooms must be provided. Rooms at temperatures 
varying from 10® to 15® F. below zero to 3Q® or 40° F. above, must 
be provided. This means that the space in the storage house should 
be divided into what is known as freezer space and cold storge space. 
It is evident that the division between these rooms must be insulated, 
since there is quite a difference of temperatures. 

One of the most economical and efficient divisions of space consists 
of dividing the building into sections by means of a vertical insulated 
partition wall. A division of this kind is shown by Figs. 162, 16.3 and 
164. The building illustrated in these figures has been divided into a 
cold storage section, an egg section, and a freezer section. The 
dividing partition should be insulated and should extend from one 
side of the building to the other and from the floor to the top of the 
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Fig. 162.~Fir8t Floor Plan of Merchants’ Cold Storage & Warehouse Co. Plant, Chicago, 
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Fig. 163. Typical Floor Plan of Merchants’ Cold Storage & Warehouse Co. Plant, Chicago, 111. 










464 


ION 



Fig. 164.— Elevation of Merchants’ Cold Storage & Warehouse Co. Plant. 
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building. In order to do this partitions constructed of solid insulat- 
ing materials, split columns and split girders must be used. This is 
shown by Fig. 165. In exceptionally tall buildings it is sometimes 
advisable to make a horizontal division of refrigerated space by appli- 
cation of insulation to the ceiling of every third or fourth story. This 
makes the operation of the cold storage house more flexible. The 
insulation should always he applied to the ceiling of the room, and 
should not, under any circumstances, be placed upon the floor of the 
room above. Fig. 166 shows how insulation may he applied to a 
concrete ceiling. 



Although the ground floor is in immediate contact with the sod 
which is at a temperature of approximately 55® F., these floors should 
be thoroughly insulated. The transmission of heat between the room 
and the ground is somewhat less than the other rooms, due to the 
smaller temperature diflference, but since there is a ternperature differ- 
ence there is a flow of heat, so it is advisable to insulate the floors. An 
efficient method of insulating the floors is shown by Fig. 167. This 
consists of putting down the corkboard insulation upon a concrete 
floor, which is, in turn, supported by cinders. In the event that the 
ground contains much -water, suitable provision for drainage should 
be provided. Of course, a concrete wearing surface should be placed 
immediately on top of the corkboard. Rooms which have an exces- 
sively low temperature, such as freezer rooms, should never be placed 
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upon the ground floor. This is due to the fact that the ground may 
become frozen, which may affect the foundation of the building. 



Fig. 166.— Insulation on Concrete Ceiling. 


In the event that the top story of the building is refrigerated, the 
roof must be insulated. The roof may be insulated by putting the 
insulation on top of the roof slab, after which the roofing is applied 
directly upon the top of the insulation. Fig. 168 shows the detail of 
this construction. 



Fig. 167. — Diagram Showing Method of Insulating Ground Floor. 
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Fig. 169. — Plan of First Story of Small Cold Storage and 

Ice Making Plant. 
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When roinns above each other are carried at different temperatures 
it is sometimes advisable to insulate the ceilings and the columns to 
prevent the transmission of heat, which would cause the formation 
of moisture upon the columns or the ceilings. 

Typical Cold Storage Plants. — Figs. 162, 163 and 164 show the 
l)lans and elevations of the plant of the Merchants’ Cold Storage & 
Warehouse Co., Chicago, 111. Mr. H. P. Henschien was the architect 
employed to design the building, and the ammonia absorption refrig- 
erating system was employed with the equipment on the top floor. A 
large number of the cold storage plants are not devoted exclusively to 
the cold storage of commodities, but rather in combination with the 
production of ice, etc. .Mso, it is evident that there are many storage 
jdants in the United States which may be termed medium size. A small 
cold storage building, 195 ft. long. 84 ft. wide, and five stories high, in 
combination with a .'^O-ton icc making plant is shown by Figs. 169 and 
170. 


QUESTIONS ON CHAPTER XIV. 

1. What are some of the genera! benefits of cold storage of food 
commodities? 

2. What different temperatures are re<iuired in the different parts 
of cold storage warehouses and how do these temperatures affect the 
selection and type of refrigerating machine to be used for the produc- 
tion of refrigeration? 

.3. What are the most important f‘>od commodities which are 
placed in cold storage warehouses at present? 

4. Name some of the important considerations in the selection of 

cold storage warehouse plants? 

5. What types of building construction are most suitable for the 
construction of cold storage warehouses? 

6. Describe the flat floor slab type of construction for floors of 
cold storage warehouses and enumerate its advantages. 

7. Describe an efficient means of constructing the walls of cold 
storage warehouses. 

8. How does the insulation affect the general design of the various 
building elements in the cold storage warehouse? 

9. How should the insulation be incorporated into the floors, walls 
and ceilings? 

10. What is the most economical and efficient method for the 
division of space in cold storage warehouses? ( 
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Planning of Cold Storage Warehouses. — In the planning of cold 
storage warehouses it is evident that detailed consideration must be 
given to each viewpoint of the entire proposition. As indicated in the 
previous chapters, consideration must be given to the general location 
of the warehouse, giving especial attention to the service that may be 
reiidered to the local merchants and to that which must be taken care 
of by the railroad. After the general location of the building has been 
determined, the next step in the planning of the project is the selection 
of the building type. 

Also, as has been previously indicated, the type of insulation to be 
used and the proper method of incorporation into the building con- 
struction determine, to a large extent, the type of building construction 
that should be used. After the location and the type of building have 
been determined it is then necessary to give attention to the refrigera- 
tion required for the building, as well as efficient and economical means 
of producing refrigeration. 

Refrigeration Duty. — As has been previously indicated, the most 
important items which combine to make up the total refrigerating 
load on a cold storage plant are as follows : 

1. Refrigeration to cool the goods stored. 

2 . Refrigeration to absorb the heat transmitted through the insulation. 

3. Refrigeration to offset the ventilation losses. 

4. Refrigeration to absorb the heat generated in the room. 

Goods may enter or leave cold storage in any of the following 
states: non-frozen, partly frozen, entirely frozen or sub-frozen, the 
latter indicating that the temperature is well below that of freezing. 
The amount of refrigeration required to handle the goods while in 
cold storage depends upon their weights, their specific and latent heats 
and the differences in their temperatures and states upon entering and 
leaving. The specific and latent heat of many materials commonly 
stored are given in Table 83 of this chapter. Unfortunately there are 
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many omissions in this table because the data is not available. It 
requires careful laboratory experiments to determine these values. It 
will be noticed, however, that the latent heat of fusion is proportional 
to the water content in a material and may be calculated approximately 
by multiplying the per cent of water by (144) the latent heat of water. 

When a definite weight of any material is cooled from one temper- 
ature and state to another the heat removed during each process may 
be calculated as follows: 

H. *= Btu. to cool above freezing from ti to tj = \V X Si X (ti — tj) 

Hb = Btu. to cool above freezing from t: to tt “ W X Sj X (t: — tf) 

H, = Btu. to change state during freezing = W X X X L 

H,i = Btu. to cool below freezing from tt to U = W X Sj X (U — tf) 

In the above formula: 

\V — Weight of the material in pounds. 

S, = Specific heat before freezing in Btu. per lb. 
ti = Initial temperature above freezing in * F. 
t: = l-ower temperature above freezing in ® F. 
t, = The freezing temperature of the material in “ F. 

X = Percentage of the material frozen. 

Sj=s Specific heat after freezing in Btu. per lb. 
tj = Final temperature below freezing in ® F. 

The following example will illustrate the use of the above formulae : 

Example: Find the Btu. removed from 10,000 lbs. of strawberries 
when cooling from 80“ F. to 40“ F. then from 40“ F. to the freezing 
temp. 29° F. then to completely freeze them ; then to cool them to 
—10° F. See Table 83 for specific and latent heats. 

H. = 10000 X .92 X (80-40) = 368.000 Btu. 

Hb= 10000 X .92 X (40-29) = 101.200 

100 

10000 X — X 129 -= 1,290,000 

100 

H,. = 10000 X .47 X (29-(-10)) “ 183.300 

Total 1.942..SOOBtu. 

Freezing temperatures of several varieties of fruits and vegetables 
are given in Tables 86, 87 and 88 at the end of this chapter. The 
presence of acids and salts in water tends to lower the freezing tem- 
perature of water, and food products containing a large percentage 
of water have freezing temperatures ranging from 25° to 31° F. An 
error resulting from using 29° F. in the above formula for freezing 
temperature will not seriously affect the results. Where the freezing 
temperature of a material is known it should be used in computations. 

In the event that the amounts and kinds of material to be placed 
in cold storage rooms are not known, the heat required to cool the 
material must be estimated in some manner. This is generally done 
by estimating that so many Btu. per cu. ft. of room space must be 
removed in order to cool the materials which are stored in the storage 
room. The data in Table 84 gives values which may be used for 
this purpose. 
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Table 83. — Cold Stokaije Data. 


Name 

Per 

Storage Temper- 

Specific Heat 

Latent 

ft A 9 

Cent 

ature 

After 

Before 

Heat of 


Water 

Low • F| Normal *F 

Freezing 

Freezing 

Fusion 

Ale 

AddIcs 

83 

32 

29 

33 

31 

0.45 

0.86 

120 

AddIc Butter 

40 


Aoricots 


35 

40 




Asparagus 

Bacon, Smoked Goods 

Bananas 

94 

« » 9 4 

76 

33 

30 

56 

34 

32 

56 

0.43 

0.43 

0.95 

0.81 

134 

109 

Beans, Green . 

Beans. Dried . . 

89 

12 

32 

32 

33 

40 

0.47 

0.24 

0.92 

0.30 

128 

18 

Beef. Lean 

72 

30 

32 

0.41 

0.77 

102 

Beef, Fat . 

51 

30 

32 

0.34 

0.60 

72 

Beef, Fresh, Chilling 

Freezing 

68 

30 

—30 

32 

0 

0.40 

0.74 

98 

4 ♦ • * 

Beef Frozen 


—10 

0 




Beef. Storage 

15 


33 

0.27 

0.34 

22 

Beef, Dried 

Bppr 


32 

40 

33 



„ 

^ •9999 9 % • * • 

Beer Bottled 


32 

45 




^^^^4 1 4^WV4%rW*« ♦ • 

Berries 


31 

40 


0.42 


Butter. Tubs 

13 

0 

15 

0.24 

0.30 

19 

Butter. Cartons 

13 

0 

IS 

0.24 

0.30 

19 

Riif fermilk 



40 




U V ^^4 4 1 4 J J * • « • • 4 « *«♦ ««•**•****••♦ 

Butterine 

Rnrku/heat Flour 

^ 9 9 * 

4 * • ¥ 

4 4 * * 

25 

42 



» 4 ♦ • • 

Q mIK^ 


23 

35 




Cabbage. Bulk. 

91 

25 

31 

0.43 

0.93 

129 

Cabbage, Boxed 


25 

31 

35 



• • • ft ft 

^«<|J IX ICU 

Cantalouoes 

45 

33 

36 

'6.'34 

0.56 

65 

A rprifra 

83 

30 

36 

0.45 

0.86 

120 

Cauliflower 

93 

32 

♦ 9 9 ^ 

0.48 

0.94 

134 

Celerv 

95 

10 

33 

0.49 

0.96 

137 

^Areal Foods 


40 

45 

. .•••••* 

0.48 

50 

Cream 

35 

30 

32 

0.30 

^k^^ee Brink 

35 

30 

32 

0.30 

0.48 

50 

Cherries, Dried 

Cherries Fresh - 

82 

^9 9 • 

• 4 9 

45 

40 

0.45 

0.86 

118 

Chocolate, Dipping 

Chocolate, Storage 

• % 

• 9 # # 

33 

30 

65 

42 

32 



.. .. 

rrn r© 

9 % 

• **A 

35 



. . - 

OneH 

9 

9 9 9 9 

- « - • 

40 



. . 

1 t ................... 


33 

38 



. . < • 

v^onoenscu 

Com Dried 

11 

35 

• 45 

0.23 

0.28 

15 

Corn, Green 

Cranberries 

Cream Fresh 

75 

59 

28 

32 

38 

33 

34 

0.43 

0.38 

0.80 

0.90 

108 

84 


95 

32 

99 

38 





45 




\^U1 1 — 

TTreck 

9 9 ^9 

« « • * 

38 




A 1 V'SSI. •••••••••••• • 

Chestnuts 

Dete^ Cured 

9 • 99 

79 

« • * * 

34 

40 

0.44 

0.83 

104 

Eees. Freezing 

70 

—id 

0 

0.40 

0.76 

100 
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T.\m.F. 83.— Coi.H Stor.m-.e Dat.\— (C ontimial) 


Name 


Eggs, Storage 

Fruits, Dried 

Fruits, Canned 

Figs, Dried 

Filberts 

Fish, Dried 

Fish, Freezing 

Fish, Storage 

Fish, Frozen 
Flour and Meal 
Furs and Fabrics 
Furs, Undressed 

Flowers, Cut 

Game, Freezing 
Game, Storage 
(irapes. Dried. 

Grapes. Fresh 

Grapefruit 

Ice Cream. Freezing 

Ice Cream 

Ice 

Lard 

Lemons 

Lettuce 

Lily of Valley Pips 

LoDsters 

Melons 

Milk, Fresh 

Molasses . 

Mutton, Chilling 
Meats, Canned 

Nuts 

Nursery Stock 

Oleomargarine 

Onions 

Oranges 

Oysters, Shell . 
Oysters, Bulk, Iced 

Parsnips 

Peaches, Dried 

Peaches, Fresh 

Pears, Dried 

Pears, Fresh 

Peas, Dried 

Peas, Fresh 

Pineapple 

Plants, Potted 

Plums, Dried 

Plums, Fresh 

Pork, Salt 

Pork, Chilling, Fat- 

Pork, Hams 

Pork, Freeze.- 


Per 

Cent 

Water 


70 

30 


45 

73 


20 


Storage Tcmi>er* 

Specific Heat 

Latent 

aturc 

After 

Before 

Heat 01 

Low * FlNormal ® F 

Freozinc 

KrcezinR 

Fusion 

28 

29 

0.40 

0.76 

100 

35 

40 

0.32 

0.47 

43 

40 

• • « « 




45 

• 9 « 




40 





35 

36 

0.34 

0,56 

65 

-15 


0.43 

0.82 

111 


26 


* 

.. ... 

0 

lU 




36 

40 

0.28 

0.38 

29 
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67 
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0.74 

96 

67 

5 

15 0.40 

0.74 

96 


20 

28 0.508 

1.00 

144 


32 

38 0.31 

0.54 
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63 

36 

38 0.39 

0.70 

90 

94 

26 
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0.95 
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. . 1 

24 

. 
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77 

1 

1 
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33 

40 
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32 
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42 
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63 

32 

35 0.39 
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90 
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0.84 

U4 

87 

20 

25 0.46 

0.90 
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83 

32 

33 0.45 

0.86 

120 
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87 

30 

30 0.46 

0.90 

125 



40 
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0.86 

120 
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35 
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14 
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Table 83.— Cold Storage Data — (Concluded) 


Name 

Per 

Cent 

Water 

Storage Temper- 
ature 

St>edli 

After 

Freealnjf 

ic Heat 

Before 

Freezing 

Latent 
Heat of 
Fusion 

Low • F| Normal • F 

Pork, Freezer, Storage ... 


0 

10 




Potatoes 

73 

30 

33 

0.42 

0.78 

105 

Potatoes, Sweet 

69 

50 

55- 

0.41 

0.75 

99 

Poultry, Freeze 

74 

0 

10 

0.42 

0.80 

105 

Poultry, Storage 


28 

30 




Poultry, Frozen 


—10 

0 


0 .577 


Pigeons 

72 

28 

30 

0.41 

0.78 

102 

Radishes 

92 

28 

33 

0.48 

0.94 

132 

Rice. 


20 

42 




Sauerkraut 

♦ 4 « • 

35 

36 

0.47 

0.92 

129 

Strawberries 

90 

33 

40 

0.47 

0.92 

130 

Tomatoes 

94 

33 

34 

0.48 

0.95 

135 

Vegetables 

1 

30 

33 




Veal : 

63 


34 

0.39 

0.70 

90 

Watermelons 


33 

36 




Wines 


32 

45 




Yeast.- 


28 





Woolens 


IS 

28 





The losses of refrigeration through the cold storage room walls 
depend upon the kind of insulation, the thickness of the insulation, 
and the relative temperature difference between the inside and the 
outside of the room. The thickness of the insulating material and the 
relative kind of material determine the rate of heat transfer per unit 
of area and time. As has been previously indicated in Chapter VIII 
pertaining to heat transmission in insulation and apparatus, the heat 
that is transmitted through a given wall of insulation depends pri- 
marily upon the internal resistance due to the conductivity of the 
material. 

It was also emphasized that the resistance due to the flow of heat 
at the surface of the materials would amount to five to ten per cent of 
the total resistance. Since the values for the internal thermal conduc- 
tivity of insulating material have been determined under laboratory 


Table 84. — Heat to Cool Materials Stored in Small Refrigerators and Cold 

Storage Rooms. 


Storage room 

B.t.u. per hour per 

temperature 

cu. ft. of room space 


S-IO 

5.0 

10-15 

4.0 

15-20 

3.5 

20-25 

3.0 

26-30 

2.5 

31-35 

2.0 

36-40 

1.5 

41-50 

1.25 

51-65 

1.10 
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conditions which are most favorable to the efficiency of the insulation, 
and since in the actual cold storage plant the insulating materials may 
be subjected to adverse conditions, it is usually advisable to apply a 
certain factor of safety after the theoretical amount of heat flow has 
been determined. 

In the event that the heat transmission coefficient has been esti- 
mated by taking into consideration the resistance to the flow of the 
heat at the surface of the materials, it is advisable to increase this 
coefficient by 25 to 35 per cent ; in the event that the coefficient of heat 
transmission has been taken to be proportional to the internal conduc- 
tivity alone, the coefficient thus determined should be increased from 
15 to 25 per cent, depending in both cases upon the conditions in the 
plant. In a plant in which the walls are constructed in an efficient 
manner and where provision has been made for thoroughly water- 
proofing the material, the lowest factors of safety may be used; but, 
on the other hand, when the wall is not so well constructed or water- 
proofed, the highest factors of safety should be used. 

The foregoing facts should be taken into consideration when de- 
termining the heat transfer coefficient, K, for any cold storage wall. 
After the magnitude of the heat transfer coefficient has been deter- 
mined the total heat transfer for a given wall with a given temperature 
difference may be obtained as follows ; 

H = K X A X (t. - t,) 
in which H = heat transmitted by the insulation 

K = heat transfer coefficient in Btu. per hr. per sq. ft. per deg. of 
temp, diff., as determined by methods indicated in Chapter 
VIII. 

A = area of wall in sq. ft. 

ti = outside air atmospheric temperature 

t) = temperature in cold storage room 

The resistance of the main cold storage wall to the flow of heat is 
seldom taken into consideration, except in the more refined calcula- 
tions. Ordinarily, the heat transfer coefficient, K, will be determined 
by the thickness and kind of insulation only. 

The heat to be taken from the air which is admitted for ventilation 
purposes depends upon the size of the room, the temperatures of the 
room and the outside air, and the relative humidity of the air. The 
cooling required amounts to the sensible heat required for cooling the 
air, and the latent heat of condensation of the moisture that is con- 
densed out of the air when the air is cooled. 

The amount of air required for ventilation, of course, will vary with 
the nature of the products stored. In the ordinary cold storage room 
the volume of air that is necessary for ventilation purposes is not a 
well defined factor at present. The amount of air required will de- 
pend upon the production of foul gases and odors in the room. In 
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ordinary rooms in which such products as chilled meats, poultry, 
game, fruits, vegetables, eggs, dairy products, etc., are stored the air 
admitted to the room for ventilation purposes and that due to open- 
ing of doors and leakage through the windows may be taken from 
lable 85. This table gives the number of air changes per hour for 
rooms of various sizes: 


Tadle 85.— Air for Ve.ntilatio.n' in Cold Storage Rooms. 



^ize of room 
in cu. ft. 

No. of air changes 
per hour 


500- 900 

1.0 


1.000- 1,500 

0.5 


1.600- 2,000 

0.4 


2.100- 2.900 

0.3 


3,000- 5.000 

0.2 


5.500- 10,000 

0.1 


10,500- 20.000 

0.05 


20,500- 40.000 

0.025 


40,500-100,000 

0.01 


After the volume of air admitted to the cold storage room has been 
ascertained the weight of the air in pounds may be determined by 
dividing the volume in cubic feet by the specific volume of one pound 

of air. This may be expressed symbolically as follows: 

■ 

V 

w = — 

V. 

ill which W = weight of air in pounds 

V = volume of air in cu. ft. 

Vi — specific volume of air in cu. ft. per lb. 

The specific volume of air for various temperatures is given by 
Table 90, Chapter XVI. Column three of this table gives the volume 
of one pound of air saturated with water vapor. This is accurate 
enough for practical purposes. The specific volume should be taken 
for the air at the temperature at which it enters the cold storage room, 
which is in general the temperature of the atmosphere. After the 
weight of the air for ventilation purposes has been determined, the 
heat required to cool this amount of air will be the product of the 
weight of the air, the specific heat, and the temperature range. How- 
ever, this calculation only gives the heat required to cool the air from 
the higher temperature to the lower temperature, as sensible heat, and 
does not take into consideration the latent heat of condensation of the 
moisture which will be condensed out of the air as it is cooled. 

The amount of heat required for condensing the moisture will de- 
pend upon the relative humidity of the atmospheric air, and the tem- 
perature to which the air is cooled. The heat required to cool air satu- 
rated with moisture from a higher temperature to a lower temperature 
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may be taken from Table 90. Chapter XVT. The last column in this 
table gives the heat content of a pound of air saturated with water 
vapor at the various temperatures. By noting the difl'crence in heat 
content between the two temperatures, the heat equivalent to the sen- 
sible heat of the air as well as the heat required for the condensation 
of the moisture will be determined. This may be expressed in a for- 
mula as follows ; 


it) 


II «= W X (li. - In) 

wliich H = total heat re(|uirc(l to cool the air 
\V = wciglit of air in lh<i. 
h, = heat content at higher tempeiatiire 
h: = heat content at lower temperature 


It will l.e noteil that Table 90 of Chapter X\ I gives the heat con- 
tent for air that is saturated with moisture. This is not quite the con- 
dition of the air as it is admitted to the coldstorage room. However, 
during the summer lime, the relative humidity may be as high as 70 
to 90 i)er cent, so that when the refrigeration reipiired is calculated as 
above oullineil, a little more than the actual amount of heat required 
will be found. This is due to the fact that a> soon as air that is satu- 
rated is cooled, the moisture begins to condense out, but when we have 
atmospheric air being cooled, which has a humidity of 70 to 90 per 
cent, it must be cooled a few degrees before the moislurc begins to 
condense. It should be remembered, however, that the air required 
for ventilation purposes in the rooms will vary with the nature of the 
refrigeration work being produced. For example, in packing hoiises 
the meat chilling rooms will require from two to six changes of air m 


the room per twenty-four hours. 

From the foregoing', it will be ol)ser\c(l tlial the amovnit of vcntila- 
tion required in general cold storage rooms will vary with the nature 
of the goods stored, operating conditions, etc. The air that is admitled 
for ventilation brings in moisture with it from the outside atmosphere 
and this moisture, upon being cooled, is condensed on the refrigerating 
coil surfaces. Much of the odors and foul gases that are given off in 
cold storage rooms are absorbed by this moisture and thus rcnioxed 
from the air in the room. 

For assisting the purification of the air in the room, a tew windows 
should be installed which may be opened for the purpose of ventila- 
tion. Of course, the doors and windows should be constructed in a 
workmanlike manner so tliat there is very little air leakage through 

these during the hot summer months. 

In some cases, which is especially true of the larger rooms, it is 
desirable to use the forced air circulation for the distribution of re- 
frigeration. This system consists of a refrigerating coil located in a 
bunker, a fan which is generally direct connected to an electric motor, 
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and an air duct system. The fan is generally arranged so that the air 
is drawn in from one-half of the duct system through the room con- 
taining the refrigerating coils to the fan. The fan takes in the cooled 
air and discharges it into the discharge air duct system. The air duct 
system should be arranged so that there is a vigorous circulation of 
air in all parts of the room. In the use of the forced air circulation sys- 
tem, the air that is cooled may be taken directly from the room, or all 
or part may be taken from the outside atmosphere. In general, such 
a circulating system takes the air from the cold storage room, cools it 
a few degrees, and discharges the air back into the cold storage room. 
The volume of air, of course, depends directly upon the conditions in 
the room, the magnitude of the refrigeration load, the moisture con- 
ditions, etc. 

Further consideration regarding the cooling of air in cold storage 
rooms will be given later in the chapter pertaining to the cooling of air. 
At present, the forced air circulating system for cold storage rooms is 
being installed in some of the new plants in the United States. It seems 
that the gravity air circulating system is also used extensively in both 
the large and small rooms. It is evident that both systems have their 
advantages and disadvantages. 

In estimating the refrigeration requirements for cold storage rooms, 
allowance must be made for any heat that is generated within the 
room. Heat may be generated by workmen, lights, motors, fans or 
any other heating device. The heat given off by men working in cold 
storage rooms will vary from 400 to 600 Btu. per hour, depending 
upon the nature of the work being performed. An average of 500 Btu. 
per hr. may be used for this purpose. 

The heat given off by electric lights may be determined by remem- 
bering that one horsepower is equal to 2545 Btu. per hr., and that this 
is equivalent to 746 watts. The heat per watt of capacity in the electric 
lights per hour would then be determined by dividing 2545 by 746, 
which equals 3.41. The following tabulation shows the heat in Btu. 
given off per hr. for various capacity electric lights: 


Watts capacity in 

Btu. per hr.per 
electric \igui 

electric liffhts 

25 

85.3 

SO 

170.5 

100 

341 

200 

682 

400 

1364 

600 

2046 


An estimate of the amount of lights required in a cold storage room 
may be made by allowing 0.5 to 1.0 watt per sq. ft. of floor area. The 
heat equivalent of any work performed in a cold storage room by mo- 
tors, fans or any other power dissipating apparatus may be estimated 
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by remembering that one horsepower is equivalent to 2545 Btu. per hr. 
which, in turn, is equal to 42.42 Btu. per min. Any other-heat that is 
allowed to get into the storage room should be allowed for in direct 
ratio to the magnitude of the heat, and it is evident that all unneces- 
sary heat should be prevented from entering the room, since this heat 
must be removed by the refrigerating system. 

Cold Storage Data, — At present, there seems to be considerable 
lack of knowledge pertaining to data on miscellaneous considerations 
regarding the cold storage of various products. This refers in par- 
ticular to the specific heats, the latent heats of fusion, specific gravities, 
units of storage, weights per unit, weight per cubic foot of storage 
space, weight per square foot of storage space, space occupied per unit, 
etc. The following considerations pertain to the space occupied by 
various units of common cold storage commodities, the weight of 
same, etc.: 

A barrel may be taken to contain 31.5 gals., while the U. S. standard 
gallon contains 231 cu. in. A bushel may be taken as being equivalent 
to 1.245 cu. ft. 

Apples may be stored in boxes which are approximately I0j4 in. x 
IV /2 in. X 18 in., which is commonly termed a bushel box. 

Apples are also stored in barrels which contain bushels, and 
weigh approximately 150 lbs. per barrel. These barrels occupy ap- 
proximately 5 cu. ft. of space. 

The desirable storage temperature for apples varies from 29® to 
31® F. Apples seem to improve when placed in cold storage for a 
comparatively short time, due to the fact that some of the starch is 
transformed into sugar. 

Butter is usually stored in tubs which contain from 50 to 60 lbs., 
and which occupy about 2 cu. ft. of space. Butter may be held in cold 
storage for a short time at a temperature of .32® to 33® F. If it is car- 
ried for a comparatively long time it should be frozen and then carried 
in a freezer storage at 15® F. or lower. The flavor of butter is not im- 
proved by cold storage, but will slightly deteriorate after considerable 
time. Since butter will absorb odors, it is evident that the containers 
as well as the rooms must be entirely clean and free from odors. But- 
ter in tubs should be protected from direct contact with the air. It is 
generally not advisable to store the butter in cartons. The humidity 
may be carried at a fairly high point, and a vigorous circulation of the 
air about the room should be maintained to carry the odors and other 
gases to the freezing surface of the refrigerating coils. The air in the 
room may be further purified by periodical ventilation of the room. 
The various parts of the room should be covered with a suitable white 
wash. 
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(.'elcry is usually stored in crates which contain about 140 lbs. and 
w hicli ha\e dimensions of about 24x24x30 in. They occupy about 10 
cu. It. per crate. Celcr\- is generally held at a temperature of 33® to 
34® F. 

Cheese is usually sttired in boxes which contain about 60 lbs. and 
will occupy about 2 cu. ft. Desirable storage temperatures for cheese 
seems to vary between 30® and 32® F. Refrigeration is also used in the 
ripening process in the manufacture of cheese. Storage after the 
cheese has been ripened docs not improve its quality. 

I'ggs are usually stored in cases which contain about thirty doz. 
and which weigh 50 to 55 lbs. The weight of a dozen eggs may be 
taken as lj /4 lbs., and when eggs are broken, about 90 eggs will make 
a gallon. The crates have dimensions of 12x13x25 in. and occupy 
about 2>4 cu. ft. of space. Hggs lose weight upon being held in cold 
>lorage l<jr a few months, amounting to about 7 per cent for, the first six 
months. The loss in weight may l)e reduced by regulating the humid- 
ity. The desirable temperature for the storage of eggs varies from 28® 
to 29® h'. Jfggs may have the shells removed and put into suitable con- 
tainers, after which they are frozen. Desirable freezing temperatures 
for eggs will vary from 0'^ to —20® F. After they have been frozen, 
they may be stored in a room at —10® to 0® F. When they are removed 
from the freezer storage they should be allowed to thaw slowly at a 
temperature of 40' to 45 ’ F. Also, eggs absorb odors, therefore they 
should be placed in rooms which contain eggs only. 

b^ggs, upon being placed in a cold storage room, should be cooled 
slowly, after which they should be held at a uniform cold storage tem- 
perature. The desirable humidity for eggs which are stored at a tem- 
perature of 28® to 30® F. seems to vary from 80 to 85 per cent. The 
egg storage room should be \entilated frequently when the room is 
being filled. After the eggs have been cooled to the cold storage room 
temperature, only periodical ventilation is necessary. Rooms in which 
the eggs are candled or broken should be maintained at temperatures 
varying from 55® to 00® F. for best results. 

Fish is usually frozen at a temperature of approximately —15® F. 
This is accomplished by placing the fish in pans which are placed 
directly upon the refrigerating piping, which acts as shelves. The size 
of the pans are generally about 22x8x2^ in. deep, and hold about 12 
lbs. After they have been frozen solid they are coated with a thin 
layer of ice by dipping them in water at a low temperature. After this 
operation, they are prepared for shipment in a room which is main- 
tained at a temperature of 10® to 15® F. 

Nearly all kinds of fruits may be held in cold storage for short 
periods of time. In general, the storage time should not be long since 
the majority of fruits will lose flavor in long storage. 
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Meats are generally improved by storing in cold storage for com- 
paratively short periods, ranging from one to three weeks, after which 
the meat will gradually lose its flavor. The desirable storage temper- 
ature seems to vary from 28° to 32° F., depending upon the kind of 
meat stored. The weights of the varimis animals may be taken from 
the following tabulation: 


Beet . 
Calves 
Sheep 


750 lbs. 
90 lbs. 
75 lbs. 
250 lbs. 


Meat is very often held in cold storage for long periods of time by 
freezing it. The temperatures of freezing used for meats will vary 
from 5° to 10° F. on down. The meat is arranged in the cold st«)ragc 
room so that the air may circulate freely about all of the parts. 

Poultry is generally held in storage at a temperature of 28° to 30° 
F. The average weight of chickens may he taken as 5 lbs. If it is 
desired to hold the poultry in cold storage a considerable length of 
time, it should be frozen at a temperature of 0° to 10° F., after which 
it .should be stored in a room having a temperature of from 0° to 10° F. 
Poultry is usually placed in small boxes or barrels. 

Oranges and lemons are generally stored in a room which has a 
temperature of 32° to 3.3° F. Oranges are packed in crates which have 
dimensions of 15x15x30 in. and which weigh about 70 lbs. 

Potatoes arc stored in rooms which have a temperature varying 
from 30° to 33° F. They are usually stored in barrels or sacks. The 
barrels generally contain about ZYt bushels and occupy space of ab"Ut 
5 cu. ft. Potatoes weigh about 60 lbs. per bushel, or about 180 lbs. per 

liarrel, which includes the weight of the barrel, 

In determining the size of the room to be used in storing a certain 
commodity, the method of placing the material in the room, the nature 
of the package, etc., must be taken into consideration. The nature of 
the package of the material determines generally the height to which 
the packages may be piled. Generally, the small packages of materials 
will be placed in piles which do not exceed the height of 5 to 6 ft. Bar- 
rels and the larger packages may be piled together until the total 
height of 8 to 10 ft. is reached. In determining the amount of space 
which is necessary, about one-third to one-fifth should be allowed for 
aisles, piping, etc. In the selection of materials for storage at low 
temperatues, it is obvious that only materials of first quality should 
be selected for storage. The quality of the goods stored, together with 
the temperatures of the room and the other conditions, determine 
whether or not the storage of such materials will be successful. 

Table 86 gives the freezing points for various kinds of fruits. The 
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freezing points of potatoes, sweet potatoes, tomatoes and other vege- 
tables are given in Table 88. 

Refrigerating Equipment for Cold Storage. — The refrigerating 
ecjiiipment that is installed in the medium and large sized cold storage 
plants consists usually of the ammonia compression or absorption re- 
frigerating system. In small cold storage warehouses in which the 
temperatures are fairly high the simple ammonia compression system 
may be used. However, in the majority of the cold storage warehouses 


Fig. 171. — Absorption Machine in Cold Storage Plant. 



of average size temperatures varying from —15® F. to 35® F. must be 
maintained. For the production of these lower temperatures it is usu- 
ally advantageous to use the absorption refrigerating machine or the 
two-stage ammonia compression refrigerating system. In order to 
produce these lower temperatures the suction pressure on the machine 
must be quite low to secure a very low boiling temperature of the am- 
monia. If the simple ammonia compression system is used for these 
lower suction pressures, the plant will be found to be expensive to 
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Operate, because the horsepower required increases rapidly as the suc- 
tion pressure is lowered. This accounts for the extensive use of the 
ammonia absorption or the two-stage ammonia compression refrig- 
erating systems for such work. 

The plant of the Merchants’ Cold Storage & Warehouse Co., pre- 
viously mentioned in this chapter, is refrigerated by means of the am- 
monia absorption refrigerating system. The refrigerating machinery 
is located on the top door, as shown in Fig. 164. Three units, each 
having a capacity of 150 tons of refrigeration per day, were installed. 
These units are operated by means of exhaust steam. Fig. 171 shows 
a view of the machine room on the top floor of the building. The am- 
monia generators are of the horizontal type with horizontal heating 
coils arranged for the exhaust steam. The absorbers are of the hori- 
zontal tubular type and are arranged for twenty passes of cooling wa- 
ter. The exchangers are of the vertical shell and coil type, each 1 50-ton 
unit being supplied with two 75-ton exchangers. The aqua ammonia 
pumps are the single direct double-acting steam-driven type, which 
are controlled automatically by the liquid level in the absorber by 
means of suitable float valves. 

The storage rooms are refrigerated by means of the circulation of 
brine which is cooled in three horizontal tubular brine coolers, 5 ft. 
in diameter and 18 ft. long. Calcium chloride brine is used and may 
be cooled to the temperatures of —20° F., 0° F., and 15° F. in the vari- 
ous coolers. These coolers are arranged for ten passes of brine. The 
brine is circulated throughout the storage room by means of three 8-m, 
pumps, the 3-pipe balanced system of connections being used. The 
brine pumps take the brine from the balance tanks which are located 
above the highest point of the system, and discharge the brine through 
the brine coolers and thence to the refrigerating coils in the various 
storage rooms, after which it is collected by the piping sytem and re- 
turned to the balance tanks. 

The remainder of the refrigerating equipment is located on a plat- 
form just above the generators, absorbers and brine coolers. The rec- 
tifiers are of the vertical double-pipe type, consisting of 2- and 4-in. 
pipe. The condensers are of the double-pipe type and are constructed 
of V/z- and 254-in. pipe. The weak liquor coolers are of the double- 
pipe type, constructed of 2- and 3-in. pipe. In addition to cooling the 
storage rooms, the equipment is arranged for producing ice in a tank 
which is located in a nearby building. The various units are croM- 
connected to secure flexibility of operation. The refrigeration equip- 
ment required approximately 35 lbs. of steam per hr. per ton of refrig- 
erating effect, and used two gals, of water at 60® F. 
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Tablk 86. — Average and Extreme Freezing Points of Fruits 

R. C. WRtcMT and G. F. Taylor. U. S. Dept. Agriculture 


T»Q)p«r&tiire$ (* F.) 


T«mp«ntuKa (* F.) 


Estrtnes 


FruU and varieeles 


Fmit nod TtfiotiM 


Av«r 

He 


Mini* 

tDUTD 


Maxi* 

Dum 


Appiftt. ^ummor Ttriatias 
VtUoir Trtnsptreni.. 
K«| A&ir«cbaA....... 

Ewly Rip« 

Rod Juna 

SwoiUfr 

Shoatuakff 

Renoni..... 

Early Joa 

Mortbi (crab) 


volmda (t'ollfomla) 
Satxuma (Ovtrl vo* 


Av«rag« 


pMchce (liord ripe) 

Belle 

ElberH 

Steveas 

Edgemoot 

wiLuffis 

Biim 

SiDOck 

Selwey 

nuey 

Certoeiu 

Cbempioo 

ATengR. 

Flums: 

Bur book. 

Wickeoo 

Tregedy 


AfiO 
3R 72 29.0 

3165 28.25 

29.0 20.30 

20.59 39lI0 

28.90 S8.1S 

2128 20.05 

20.57 20.10 

30.02 20.90 

20.57 20.30 

20.06 98.73 

20.41 20.00 


309 

3100 

28.90 

29.50 

3100 

38.96 

2157 

20.80 

3124 

2105 

20.05 


epple) 


2162 


Applw. foU end winter 

Torteilas. ewiem grown 

Baldwin 

0«a Devil 

Detkleui. 

Grln« 

Jonetbeo. 


Rem DO 

SleyitLoo Wineeep 

Wlneiap. 

Yellow Newtown . 
York Imperial 


Avenge- 

Strewberrtee: 

Amerlno.. 

Big Late 

Big Joe.... 

Bncdywine 

Obese peake 

Duiklep 

Eicelsior 

Early Orerk 

Early Jeney Qleot... 

Oeody 

Oleo Mery. 

Bowird 17 (Pnmlw) 

HtBtler 

DeodLke 

Rellog (CeJlei*8 

Fride) 

LeM Jeney Oleot 

Lop ton 

Reweilleo 

Stevem 

SeaipTi. 

6opm 

Twilley...... 


2175 

3105 

3119 

3136 

3132 

2199 

3104 

30.13 

3132 

20l55 

30.16 

1138 

nao 

20:90 


29.70 

3109 

29.98 

2196 

3129 

29.62 
2D.M 

29.63 
2182 
30.21 
31 08 
ma 
3146 
3160 


Average. 


Apples, toll end winter 
vertstlei. western grown 

Delldoui....».« 

Oeoo 

Orlmes 

Jenetben 

Rome Beauty 

Esepus (SpiUeoberg) 


ATtmge. 

CiMrrIn: 

Early Richmond.... 

Mootmonaey 

8t. Medord 

Jteyal NeudUe 

Qlolrede Freoen.... 

Me^er 

Bigimau (unknown 
variety) 


3148 

30:38 

20tl0 

3113 

30.42 

3148 

3161 

20.58 


Avenge. 


Onpes 


Bloekberrlm: 

Juabo 

Eldorado 

Crystal White 

Lc«an (Loganberry) 
Raspberries: 

Konere (St. RegU, 

nd) 

Columbia (blsck) . . . 
Craaberrlse: 

SevI 

Qebhort Beooty 

Mommotb 

MetoUJe. 

Cbipmon. 

Perry Red 

Eerly Block. 

McFarUn 

Shaw's Sumo. 

Downs 

Fride 

wiles llenry* 


AfiMricoa vorlelJi 
New Concord 


28.30 

Asbroole a. 21 

DnentAober... 27.88 

Moores Early a a 

Ceptivetor 27.86 

Campbell (block) 27.96 

Merleodel a 54 


Aremie 

European varieties— 

Malaga 

Emperor 


a44 

aoo 

aoo 

aoo 

77.38 
ao5 
a 71 
a45 
a74 
aid 
77.73 
aoo 


Average. 


Oranges: 

Temple 

Pineapple. 

Florida Seedling... 
^^blogton Novel 


. a 16 

ais 

a37 

. K60 

. aao 

aeo 
a to 

aeo 

a?6 

. aeo 

1 

a35 

a78 
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Table 87.— Summary ok .\vKatAGEs. 


samBM warietw 

Fftll and w inker 

>44 

>S1 

>12 

>21 

>62 

>67 

Bananas <Jamalcal: 

^ rpeel 

>84 

>76 

>92 

Ofeeii,.|p^jp 

rFeai 

30.22 

>36 

3a 10 

1 >15 

30 55 
>53 

Ripe**'{pyjp 

, >00 

>43 

>50 

BUckberriu: 

HlifV variektts 

1 

>15 

> n 

>42 

While eanelies ........ 

! >40 

>12 

>63 

Logao iLotanberr: i.. 
Chenitt 

^ >51 
27-81 

>33 

27.56 

>75 

>25 

CrwabafTio.. 

77.16 

>> 

v.ua 

Coffwnu ............ 

.>21 

3a 18 

30 2.5 

Gonae hemes .... . »«• • . • • • 

>91 

>70 

29 16 

Onpes: 

Aaiencao 

>16 

27.85 

>35 

>37 
24. 7S 

European 

2i60 




OnpefniU 

Lcffioas 

Ormages 

Pe.ub« <btfd ti[^) 
rears (Dftrtlelt): 

Hard ripe 

Soft ripe. .. 

Pcitfs (unkoewD 
a«se rariet>>... 
iepanose pcr^immon^ 
(TencDQStii) 

Flauns 

IliupberTlei: 

Red wietlex 

Blerk: TAnetln... 

Sirtwherries 

Ch<«tnuU (ItaUo).. 
WaJDUis (PersieD or 
csUcd Eaglisb)..... 


>36 

>00 

>50 

>14 

77.89 

>47 

>03 

77.86 

KM 

>41 

>09 

>74 

. >46 

>06 

>70 

77.83 

77,20 

>00 

>39 

>34 

>51 

. >33 

>07 

28 63 

. >53 

>> 

>85 

30 41 

3012 

30.50 

> 76 

>34 

> 70 

. >93 

> 56 

30. 13 

.. >80 

>00 

24,20 

>00 

10.80 

22. 10 


Table 88.— Average and Extreme Freezing Points of Potatoes 
Sweet Pot.xtoes, Tom.vtoes, and Other \’egf.tables. 

R. C. Wriout and G. F. T.svlor, U. S. Depl. Asricnltiirc 


Kind ;iAd variety 


[ Temperakuref r* 1' l ] 

1 

Avav 

age 

Eitrenies | 

' Mmi* 

1 Ilium 

Mvii- ' 

1 ttiurn 

1 i 

L 


Pol M nee 

Tfikjmiih 

Kerly 

[r1>h ( okiliicr 

Hr>l Early 

Pirsi Early S^iauilard 

Eb(t<»le 

bpeuldiDg No 4 

Green MmihIiuo — 

Odd Com 

Kur%] Se* Vorber 

Runet Rural 

U. It SeedlioA No 

3«71 

rp>lo*da(e 

Producer 

Oraffon Wbiie Rcee. 

Rrlii5h uueen 

Oaroet Chile 

AoirrUeri llitnt 


A verage 


8«tel poUloen, 

Hig eierii 

Uooley 

Pi/I) rbndlna 

OfrirKU 

Uvid SkiD 

Imprw^C"! niir ^(eoa.. 

Mil« 

Natiry Hall 

Muilinan 

Piemo 

Porto liloo 

PuDpklo 

It«lllraiil 

Rad Derauda .. . 

liedJars*) 

Acuthrrn toucan . 

Trlusiph 

Yellow fialmoot.. 

Yellow Jeney 

Yellow Suasburg. 


M) 

W »•? 

w 
*1 v; 
» i: 
7Hi 
2S.» 
2^€i 
•jeiir 
^32 

2e. 77 
7} 10 
2e.70 
>.71 
20 i7 
> K* 
n.ci 


74 W 

>0$ 

> ifl 

>47 

>77* 

>34 

> 10 
77.04 
>74 

> 3i 

>40 

> 17 
>32 

>4) 

> 57 
>97 

2\n 


» 00 
>72 

ff »4) 

> T 1 
7»01 
7t 21 

> 3' 

> 40 

>30 

> OS 

20 lO 

> 73 

> ro 
•> 22 
>00 
7/4it 


Average 1 >44 


>60 

77. 4e 

27. M 

>40 

27 70 

>21 

>» 

>|A 

r 54 

77 4« 

>02 

27.87 

>68 

>» 

27 m 

>30 
>25 
>> 
a. 49 
>» 
>30 


>37 
VN .« 
7> 72 
ii> 

> 12 
29 n 
7» 32 
> :-> 
>70 
> 7 .4 

>4v 

7 *0 
29 10 
>79 
>60 
7/30 
y y 
// f)9> 


Kmd laid rafivty 


Tumatoev (rlfjei-Cooid 

Sfutie 

Oriuicr HuJilmue... 

r«iiumhia 

Drbw ve . .. 

l.iMUgvtvdS ( HmIw 
l.iviiitetoh's A<iiie.. 
G feer»b«*ja vanei - 
< ttrter’a Sonri'e. 
^iirUng CaHle. . 


T^'mjwfeiurf' <• r 
' Eikremi< 


7>Oi 

>22 

>91 

> W 
>58 
>03 
» 00 
>M 
>35 
77, « 

> 72 
>M 
29 09 
>63 
>Q 
>T7 
>82 
>n 
>S7 
2V 05 
>00 


>10 > n 


Average 

ToiNaiees 'srer*)): i 

Huimy Rut ... 

Karliann 

John hhft . . 

Early Mirlii»:<vn . . 
Red Reek . . 

pr-ioe 

0 r<w i» bill I '<• V M lei Kf. — 

Shrlmg Ca'«lle- .. 

Average 

8«cel com: 

Crosby 

rouolry Oenilvfiiori. 

Howling Mob 

Golden Batikam 


Average 

OdIoq9: 

Yellow T)anvefs. 
White Ololw.... 
Te&ws Oermuda. 


Average... 

Let luce: 

Map Queen. 
Wap Ahead. 
PrltalJead. 


oMom trkpei 1 




Omoy D«l 

30 60 

aai6 

3U68 

Uloey Special 1 

30 59 

3a 34 

» 67 

Earllana 

30 52 

>43 

>77 

Jnbo Baer .1 

, 30 57 

30 24 

30.90 

Undreihr ' 

' >45 

1 30 34 

3a 72 

Early MlctJgan 1 

>67 

ao. 19 

30 85 

Marvel 

30 03 

20. W 

30 28 

Uloemdale 

>V9 

>90 

>53 

Rwl Hock 

30 55 

3a4t» 

3062 

Truckir's Psvoriln 

3a 06 



New Glory 

>76 

>63 

30 36 


Average.. 

Canota* 

Danveir 

Chaoteoay 


Average 

Peaet 

Early Alaska. . 
IJor&lord's Market 

Uatdco 

Lai tool ao 


Average. 


♦ b ^ 1 • 



ade 1 

Mini* 

Mtii* 

1 

muiu 

tbum 

30. 3] 

30.10 

30.58 

30 62 

30 Zi 

30.81 

M i\ 

30 

30. 77 

30.02 

>95 

JO 33 

58 

3a 32 

JlJ. M 

30.46 

30 41 

30. 74 

30 58 

30. »• 

30.86 

40 54 

30 41 

30.60 

30 3S 

30 > 

30.67 

30.57 

30 34 

so 83 

V) 71 

> 77 

.30.58 

JO SI 

30 4« 

30.56 

ill :n 

jn M 

30 77 

JO. .54 

30 34 

JU 67 

JO. 15 

JO 10 

30. 3K 


30.9) 

JO. $9 

30.11 

> 9U 

15 

JO. 40 

JO. 21 

30 ,57 

> or 

>82 

> 43 

> II 


>43 

> 00 

77.99 

> 16 

7/*l 

2l>. A5 

>65 

>95 

> AS 

>.7i 

30.10 

>61 

3a 17 

30.20 

» 7.5 

30.41 

>0B 

>71 

30.13 

30 09 

?J 69 

1 30 24 

30.40 

30.38 

30.60 

31.54 

31. Z5 

31. 77 

3L57 

31.45 

Jl-77 

31.30 

31 IQ 

31 38 

>61 

29 43 

>66 

> 53 

> 42 

>70 

> 57 

> 42 

1 > 60 

. >93 

> > 

>. 19 

. 30. 

30. n 

30.99 

. sazi 

3U 00 

SUM 

30.03 

1 >67 

30.25 



486 


PRINCIPLES OF REFRIGERATION 


QUESTIONS ON CHAPTER XV. 


1. What are the most important items which make up refrigerating 
load on a cold storage plant? 

2. How is the heat required to cool the materials calculated? 

3. In the consideration of the heat transmitted by the insulation of 
cold storage warehouses, what factors combine to determine the heat 
transmission coefficient to be used in estimating the loss of refrigera- 
tion through the insulation? 

4. How may the refrigeration requirements for the ventilation 
Josses and the heat generated in the room be estimated? 

5. How do the temperatures required in cold storage warehouses 
affect the selection of the refrigerant and the refrigerating system to 

be used for cooling the warehouse? 

• 

6. What are the principal factors that determine the suction and 
condenser pressure in refrigerating systems to be used in cold storage 
warehouses? 

7. Why are the compound compression system and the ammonia 
absorption system generally used in the larger cold storage plants? 

8. Determine the refrigeration requirements for the cold storage 
building shown in Figs. 169 and 170, when the specific heat of the ap- 
ples is taken as 0.86 and when the filling period for the building is two 
weeks. 

9. What would be the total refrigeration requirements tor the plant 
described in Problem No. 8 when the water for making 50 tons of ice 
per day is delivered to the refrigerating system at a temperature of 
70° F.? Approximately what suction pressure should be used for the 
ammonia compressor? 

10. Determine the size of the ammonia compressor cylinders to 
refrigerate the cold storage plant described in Problems No. 8 and 9, 
when slow-speed horizontal double-acting ammonia compressors are 
used and when the condensing pressure is 185 lbs. gauge. 


CHAPTER XVI. 


COOLING AND CONDITIONING OF AIR. 


Mechanical Cooling of Air.— One of the more modern applications 
of mechanical refrigeration consists of the cooling of air by mechanical 
means Cooled and properly conditioned air is a necessity in many 
industrial plants. This is especially true of plants which are devoted 
to the manufacture of such commodities as munitions, films, chewing 
trum bread, rayon, textiles, certain drugs, candies, etc. In addition to 
these applications air that has been cooled and conditioned is required 
in hotels restaurants, theaters, auditoriums, hospitals, stores, orhees, 
etc. Air 'that has been cooled to a low temperature in order to remove 
the moisture as much as possible is used in blast furnaces. The use of 
such air in blast furnaces results in a considerable saving ot luel. 

In a similar mztnner, cooled air is used for the transmission of re* 
friccration. The precooling of fruit, vegetables, etc., before shipping 
is an example of this kind of application. Also, cold air may be used 
for producing the refrigerating effect in cold storage rooms directly. 
In cold storage warehouses, proper temperatures may be maintained 
by the forced circulation of cold air. Since the use of mechanically 
cooled air is becoming quite extensive, as indicated by the number ot 
industrial applications, it is opportune to note the principles underlying 
the cooling and conditioning of air. as well as the methods and ap- 
paratus which are used to produce the cooling effect. 

Properties of Air.— In order to thoroughly understand the prin- 
ciples underlying the cooling of air, one must have a good conception 
of the physical properties of air. The following treatment of the 
physical properties of air is based upon fundamentaT principles and 
methods of treatment which have been presented previously^ by Car- 
rier, Gebhardt, and others. Air may be considered a mechanical mix- 
ture of various gases, such as oxygen, nitrogen, carbonic acid gas, wa- 
ter vapor, etc. Nitrogen and oxypn are the principal components of 
air and are in dry air in the following proportion : 

By volume By weight 
20.9 23.1 

79.1 76.9 


Oxygen 

Nitrogen 


487 



488 


PRINCIPLES OF REFRIGERATION 


The amount of carbonic acid gas that will be found in air depends 
upon the locality, the purity of air, etc., and will vary from 0.03 to 0.30 
per cent. The amount of water vapor will depend upon the relative 
temperature and the humidity of the air, and for atmospheric air will 
vary from 0 to 4 per cent of the total weight. In addition to the fore- 
going components of air, there are several other gases present, but 
these are present only in very small quantities. 

Perfectly dry air is air which contains no water vapor at all, in 
which case the air is made up principally of the nitrogen and oxygen 
components. It is evident that perfectly dry air does not exist at any 
lime in nature, since there is always evaporation of water from the 
earth’s surfaces, which causes the atmospheric air to contain more or 
less water \ apor. However, it is possible to produce dry air by ar- 
tificial means, so that it is desirable to note the relation of the physical 
properties. The relation of the pressure, volume, and temperature of 
dry air may be expressed by the following formula: 


P. V.= 

or P. V. = 
wlicrc P« = 

V.= 

T.= 


53.35 


T. 


144 
}.37 T. 

absolute pressure of the dry air 

in lbs. per square inch 

volume of the dry air, in cubic feet per lb. 

absolute temperature in degrees F. 


S 


The specific heat of dry air at constant pressure varies slightly with 
the relative intensity of the temperature. The specific heat of dry air 
may be expressed in a formula as follows : 


Cp. = 0.2411 -I- 0.0000045 (t, + U) 
where Cp* = mean specific heat of dry air at a 
constant pressure between the tern* 
peratures of t, and tj 

After the specific heat has been determined and if the range of tem- 
perature is known, the amount of heat to be added or extracted from 
the air in heating or cooling it may be expressed as follows: 

H* = Cp* (t2 t|) 

where H* = heat required for cooling or heating 
tj = higher temperature 
t, = lower temperature 

It is further evident that if the volume of one pound of dry air is 
represented by Va the weight of one cubic foot of dry air may be found . 
as follows: 

1 

V. 

‘ where w« = weight of cubic foot in pounds 
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\ 


Example i.— Dry air has a temperature of 70® F. Under the normal 
atmospheric pressure of 14.7 pounds per square inch, it is desired to 
find the volume per pound, the weight per cubic foot, the mean specific 
heat between 0® and 70®, and the heat content in Btu. per pound above 

0® F.: 

0.37 T. 0.37 (70 + 459.6) 


P. 14.7 

=* 13.3 cu. ft. per lb. 

1 

^ “ 0.075 
13.3 

C... = 0.2411 + 0.0000045 (0 + 70) 
= 0.2414 

H. = 0.2414 (70-0) 

= 16.9 Btu. 


Saturated Air.— .\ir is said to be saturated with water vapor when 
it contains or has mixed with it the maximum amount which is pos- 
'iible at a given temperature. The amount of water vapor that may be 
'present iiUhe air depends upon the temperature and volume of the air. 
If water is placed in a vacuum, the water will continue to evaporate 
until the pressure rises to that of the vapor pressure of the water at 
the corresponding temperature. In a similar manner, if water is placed 
in a vessel which contains air, it will evaporate until the vapor pressure 
has risen to that which corresponds to the temperature of the air. Also, 
according to Dalton’s law, each gas or vapor present in the vessel at 
the given temperature will exert the same amount of pressure as it 
would have exerted by itself at the same temperature, so that the tota 
pressure would be made up of the sum of the partial pressures exerted 

by each constituent of the air. , ^ * 

From the foregoing, it will be observed that in order for the air to 

be saturated it must contain the saturated vapor of water which has a 
pressure corresponding to the temperature of the air. The water vapor 
at this temperature and pressure would be at the evaporating or con- 
densing point, so that the extraction of heat from the air and vapor 
would produce condensation, or the addition of heat to the mixture 
would cause the water vapor in the air to become superheated, pro- 
viding the pressure of the air remains constant. According to Dalton s 
law. the relation of the pressure of the air and the pressure of the 
vapor may be expressed as follows : 


P. + Pt 
where P» 

Pv 

Pn, 


= P 


absolute pressure of dry air in the 
mixture, lbs. per square inch 
absolute pressure of the saturated water 
vapor in the mixture, lbs. per square inch 
absolute pressure of the mixture, 
lbs. per square inch 
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Table 89. — Properties op Low Pressure Steam. 

(Wheeler Condenser and Engineering Co.) 



32 * 29.8191 0.0886 0 1804 3294 0 00 1073 4 0 0000 2.1832 

40 29.7516 0.1217 0.2477 2438 . 8 05 1076.9 0.0162 2.1556 


50 * 29.6365 0 1780 0 3625 1702 . 18.08 1081 4 0.0361 2.1226 

51 29.6228 0.1848 0 3762 1643 . 19.08 1081.9 0.0381 2.1195 

52 29.6087 0.1917 0 3903 1586 . 20.08 1082.3 0.0401 2.1164 

53 29.5940 0.1989 0.4049 1532 . 21.08 1082.7 0.0420 2.1132 

54 29.5788 0.2063 0.4201 1480 . 22.08 1083.2 0.0440 2.1100 

55 * 29.5631 0.2140 0.4357 1430 . 23 08 1083.6 0.0459 2.1068 

56 29.5470 0.2219 0.4518 1381 . 24.08 1084.1 0.0478 2.1037 

57 29.5303 0.2301 0.4684 1335 . 25.08 1084.5 0.0498 2.1006 

58 29.5131 0.2385 0.4856 1291 . 26.08 1085.0 0.0517 2.0975 

59 29.4953 0.2472 0.5034 1249 . 27.08 1085.4 0.0536 2.0944 

60 * 29.477 0.2562 0.522 1208 . 28.08 1085.9 0.0555 2.0913 

61 29.458 0.2654 0.541 1168 . 29.08 1086.3 0.0574 2.0882 

62 29.439 0.2749 0.560 1130 . 30.08 1086.8 0.0593 2.0851 

63 29.419 0.2847 0.580 1093 . 31.07 1087.2 0.0612 2.0821 

64 29.398 0.2949 0.601 1058 . 32.07 1087.6 0.0631 2.0791 

65 * 29.376 0.3054 0.622 1024 . 33.07 1088.1 0.0650 2.0760 

66 29.354 0.3161 0.644 991 . 34.07 1088.5 0.0669 2.0731 

67 29.331 0.3272 0.667 959 . 35.07 1089.0 0.0688 2.0701 

68 29.308 0.3386 0.690 928 . 36.07 1089.4 0.0707 2.0672 

69 29 284 0.3504 0.714 899 . 37.06 1089.9 0.0726 3.0642 

70 * 29.259 0.3628 0.739 871 . 38.06 1090 . 3 ' 0.0746 2.0613 

71 29.234 0.3751 0.764 843 . 39.06 1000.8 0.0764 2.0585 

72 29.208 0.3880 0.790 817 40.05 1091.2 0.0783 2.0556 

73 29.181 0.4012 0.817 792 . 41.05 1091.6 0.0802 2.0528 

74 29.153 0.4148 0.845 767 . 42.05 1092.1 0.0821 2.0499 

75 * 29.125 0.4288 0.873 743 . 43.05 1092.6 0.0840 2.0471 

76 29.095 0.4433 0.903 720 . 44.04 1093.0 0.0858 2.0443 

The magnitude of the pressures of saturated water vapor or steam 
at temperatures ranging from 32® to 212° may be taken from Table 89. 
The relation of the pressures, volumes, and temperatures of dry air 
.saturated with water vapor may be stated as follows : 

P.= P« — P» 
f 53.351 

(Pm— P t)V.= T. 

144 

(Pm — PO V. = 0.37T. 


COOLING AND CONDITIONING OF AIR 


491 


Table 89.— Properties of Low Pressure Steam.— (Continued.) 



77* 

29.065 

0.4591 

0.933 

699. 

45.04 

1003.4 

0.0876 

2.0414 

7$ 

29.034 

0.4735 

0.964 

677. 

46.(M 

1093.9 

0.0895 

2.0396 

79 

29.002 

0 4893 

0.996 

657. 

47.04 

1004.3 

0.0013 

2.0359 

90* 

29.969 

0.505 

1.029 

636.8 

48.03 

1094.8 

0.0932 

2.033C 

91 

29.934 

0 522 

1.063 

617.6 

49.03 

1095.2 

0.0950 

2.0302 

92 

29.899 

0.539 

1.099 

599.7 

50.03 

1095.6 

0.0969 

2 0275 

83 

28.963 

0 557 

1.134 

580.5 

51.02 

1096.1 

0.0987 

2.0247 

94 

29 926 

0.575 

1.171 

562.9 

52.02 

1096.5 

0.1005 

2.0220 

8S^ 

29.799 

0.591 

1^209 

545.9 

53.02 

1097.0 

0.1023 

2.0192 

99 

29.749 

0 613 

1.249 

529.5 

54.01 

1097.4 

0.1041 

2.0165 

67 

29 709 

0.633 

1.289 

513.7 

55.01 

1007.9 

0.1060 

2.0139 

98 

28 666 

0 654 

1.331 

498.4 

56 01 

1098.3 

0.1079 

2.0112 

99 

29 624 

0.675 

1.373 

483.6 

57.00 

1099 7 

0.1096 

2.0095 

90* 

29.S90 

0.696 

1.417 

469.3 

68.00 

1009.2 

0.1114 

2.0058 

91 

29.535 

0 719 

1 462 

455.5 

59.00 

1099.6 

0.1133 

2.0033 

92 

29.499 

0.741 

1.509 

442.2 

60.00 

1100.1 

0.1151 

2.0007 

93 

29 441 

0.765 

1 556 

429.4 

60.99 

1100.5 

0.1169 

1.9981 

94 

28 392 

0.799 

1.605 

417.0 

61 90 

1101.0 

0.1197 

1.9954 

95* 

29.341 

0.913 

1.656 

405.0 

62.99 

1101 4 

0.1205 

1.9928 

99 

28.290 

0.839 

1.706 

393.4 

63.98 

1101.8 

0.1223 

1.9903 

97 

28.237 

0.964 

1.759 

392.2 

64.98 

1102.3 

0. 1241 

1.9877 

98 

29.193 

0.991 

1.913 

371.4 

65.98 

1102.8 

0.1259 

1 9951 

99 

29.127 

0.919 

1.869 

360.9 

66.97 

1103 2 

0.1277 

1.9B26 

100 

28.070 

0.946 

1.926 

350.8 

67.97 

1103 6 

0.1295 

1.9800 

101 

29.011 

0 975 

1.995 

341.0 

68.97 

IIM.O 

0.1313 

1 9776 

102 

27.951 

1.005 

2 045 

331 5 

69.96 

1104.5 

0.1330 

1.9750 

103 

27.989 

1.035 

2 107 

322.2 

70.96 

1104 9 

0.1347 

J 9724 

104* 

’ 27 925 

1.066 

2. 171 

313.3 

71.96 

1105.3 

0.1365 

1.9700 

109 

27.759 

1.099 

2.236 

304.7 

72.95 

1105.9 

0.1383 

1.9676 


The relation of the weight per cubic foot and the volume of one 
pound can be expressed as follows : 

1 

w» = 

V. 

The total weight of the mixture in pounds per cubic foot can be 
expressed as follows: 

Wb = Wi + w» 

where Wm = weight of mixture, lbs. per cu. ft. 

w* = weight of vapor in one cu. ft. of the mixture 
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Table 89.— Properties of Low Pressure Steam.— {Continued.) 



106* 

2T.m 

1.131 

2.303 

296.4 

107 

27.623 

1.165 

2.372 

288.3 

106* 

27.560 

1.199 

2.443 

280.5 

109 

27.478 

1.235 

2.515 

272.9 

no* 

27.404 

1.271 

2.589 

265.5 

111 

27.328 

1.308 

2.665 

258.3 

112 

27.260 

1.346 

2.740 

251.4 

113 

27.170 

1.386 

2.822 

244.7 

114 

27.088 

1.426 

2.904 

238.2 

115* 

27.006 

1.467 

2.987 

231.9 

116 

26.91S 

1.509 

3.073 

225.8 

117 

26.830 

1.563 

3.161 

219.9 

118 

26.739 

1.597 

3.252 

214.1 

119 

26.617 

1.642 

3.344 

208.5 

120* 

26.553 

1.689 

3.438 

203.1 

121 

26.456 

1.736 

3.535 

197.9 

122 

26.355 

1.785 

3.635 

102.8 

123 

26.253 

1.835 

3.737 

187.9 

124 

26. 149 

1.886 

3.841 

283.1 

125* 

26. (MO 

1.938 

3.948 

178.4 

126 

25.031 

1.992 

4.057 

173.9 

127 

25.820 

2.047 

4.168 

169.6 

128 

25.706 

2.103 

4.282 

165.3 

129 

25.589 

2.160 

4.399 

161.1 

130* 

25.48 

2.219 

4.52 

157.1 

131 

25.35 

2.279 

4.64 

153.2 

132 

25.23 

2.340 

4.76 

149.4 

133 

25.10 

2.403 

4.89 

145.8 

134 

24.97 

2.467 

6.02 

142.2 


73.95 

1106.2 

0.1401 

1.9651 

74.95 

1106.7 

0.1416 

1.9626 

75.95 

1107.1 

0.H36 

1.9602 

76.94 

1107.5 

0.1454 

1.9578 

77.94 

1108.0 

0. 1471 

1.9553 

78.94 

1108.4 

0.1480 

1.9530 

79-93 

1108.8 

0. 1506 

1.9S06 

80.93 

1109.3 

0. 1524 

1.9483 

81.93 

1109.7 

0.1541 

1.9458 

82.92 

1110.2 

0.1559 

1.9435 

83.92 

1110.6 

0.1576 

1.9412 

84.92 

mi.o 

0.1594 

1.9389 

85.92 

1111.5 

0.1611 

1.9366 

86.91 

nn.9 

0.1628 

1.9343 

87.91 

1112.3 

0.J645 

1.9319 

88.91 

1112.8 

0. 1662 

1.9296 

89.91 

1113.2 

0. 1679 

1 9273 

90.90 

1113.6 

0. 1696 

1.9251 

91.90 

1114.1 

0.1713 

2.9228 

92.90 

1114.5 

0.1730 

1.9205 

93.90 

1115.0 

0.1747 

1.9183 

94.89 

1115.4 

0.1764 

1.9161 

95.89 

1125.8 

0.1781 

1.9139 

96.89 

1116.2 

0.1799 

1.9117 

97,89 

1116.7 

0.1816 

1.9005 

98.89 

1117.1 

0.1833 

1.9073 

99.88 

1117.5 

0.1849 

1.9051 

100.88 

tllS.O 

0.1866 

1.9030 

101.88 

1118.4 

0.1883 

1.9008 


The values for the weights of a cubic foot of the water vapor at 
various temperatures may be obtained from Table 89. This table gives 
the specific volume in cubic feet per pound for saturated steam at vari- 
ous temperatures. By taking the reciprocals of these volumes, the 
corresponding weights per cubic foot may be obtained. From the fore- 
going, it will be observed that it is possible to calculate the amount of 
water vapor required to saturate a given volume of air or a given 
weight of air, when the temperatures and pressures are known. This 
may be expressed in a formula as follows : 
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Tari.k 89.— Properties ov Low Pressure Steam.— (Concluded) 


it 

3 

a u 

1*5 

if 

H 

l|K 

a cl . 
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3 fl 

• 
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t 
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n 
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2^ 

33 

sa 

5! 

Ss 

0 <1 

U 

Q 

Is 

nW 

U 


S ho 
>/< a 

__p 1 

A 

\ 

b 

1 H 

n 

N 

135* 

24.83 

2.533 

5.16 

138.7 

102.88 

1118.8 

0.1900 

1.8986 

140 

24 11 

2.8S6 

5.S9 

172.8 

107.87 

1121.0 

0. 19S4 

1.8880 

ISO* 

22.42 

3.714 

7.57 

00.9 

117 S6 

1125.3 

0.2149 

t.8074 

160 

20.32 

4.737 

9.65 

77.2 

127.86 

1129 5 

0.2311 

1.8476 

170 

17 77 

5.9« 

12.20 

02 0 

137.87 

1133.7 

0.2470 

1.8266 

160 

11 07 

7. 11 

15.29 

50.15 

147. S.1 

1137 8 

0 2628 

1 8104 

190 

10.93 

9 34 

19 02 

40.91 

157 91 

1141 8 

0 2783 

1.7929 

200* 

6.47 

11.52 

23.47 

33.60 

167 04 

1145 6 

0.2937 

1 7761 

210 

1.10 

14 13 

28.76 

27.80 

177 99 

1H9.6 

0.3087 

1.7597 

212 

0.00 

14 70 

29.02 

26 70 

180.00 

1150.4 

0.3118 

].7566 


NOTE 

In tho loro^oinc tabic rrcthod^ of expressing a prcsat:rc are used; 
thua in the last linc» opposite ZVZ'* F. we have, vacuum » 0.00; aS^Iutc 
prcisjro in li)i. per inch « IK7 und in incbca of mercury at F. » 
21^.02. Thc^c are measures of exactly the same pre.s.sure. exprcitsc^ in 
diUerent terms, and may be used asu basis for making other tran dormations 
beaidca those given in this book. 1 lb. per sq. in^h » 2.0350 in. mercury 
at 32^ F. mercury tvmpcraturis and 1 m. mercury • .4^ lbs. per sq. inch. 
Also, 0.00 vacuum referred to a 3u*in. barometer » 30.0" absolute pressure 
of mercury at 53.4^ F. Umperatureof mercury, or 29.32" absolute pressure 
of mercury at 32* F. temperature of mercury. 


w = X w. 

where w — weight of water va|»<4' to salurafe 
one iiouiid of dry air 


Furthermore, it is evident that the heat content of the air at a given 
temperature will depend upon two factors: First, the heat ccuitent of 
the dry air above a given temperature ; second, the heat in the saturated 
steam. The heat in tlie saturated steam may be taken to be that due to 
the latent heat of vaporization of the water vapor, neglecting the heal 
of the liquid, which is a very small quantity. This may be expre.ssed 
symbolically as follows for the heat measure above 0'^ F. : 


H«« — Cp» X t» + r» X w 

where H>* = heat content of saturated air, B.t.u. per lb. 
t* = temperature of the mixture of air and 
steam in degrees F. 

rr = latent heat of vaporization of the water vapor 
at the temperature of the mixture, t. 
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The values of the latent heat of vaporization, fy, may be taken from 

Table 89 by remembering that the latent heat of vaporization is equal 

to the total heat of the steam minus the heat of the liquid, or, in sym- 
bols: 

rr= H — h 

where H = total heat of steam from Table 89 
h — heat of liquid from Table 89 

The foregoing formulas were used for the calculation of Table 90, 
Properties of Saturated Air. 


Example 1. — Air is saturated with water vapor at a temperature of 
70 F., and the pressure is 14.7 lbs. per sq. in. It is desired to determine 
the pressure of the vapor, the pressure of the dry air in the mixture, the 
volume of one pound of the mixture, the relative weights of dry air and 
water vapor in a cubic foot, the weight of the moisture to saturate one 
pound of air, and the heat content above 0® of one pound of air: 

Pressure of water, vapor in mixture from Table 89, 

P» = 0.363 lbs. per sq. in. 

Pressure of dry air in the mixture, 

P, = p„ _p, 

= 14.700 — 0.363 
= 14.337 lbs. per sq. in. 

Volume of one lb. of the mixture, 

_ 0.37 T. _ 0.37 (70 + 459.6) 

p„ _ p, 14.337 

V. = 13.69 

Weight of one cu. ft. of mixture, 

11 

w. = = = 0.0731 

V. 13.69 

Weight of water vapor to saturate one lb. of dry air, 

w = V 4 X w» 

1 

w» from Table LXXV = = 0.001 148 

871 

w= 13.69 X 0.001148 
= 0.01578 lbs. per lb. of dry air 

Heat content of dry air, and vapor about 0* F., neglecting the heat 
of the liquid, 

Hi* = Cp» X t* + Ft X W 
From Table 89, latent heat of evaporation, 

r = 1090.3 — 38.06 = 1052.24 
Hi. = 16.9+ (0.001148 X 1052.24) 

= 16.9+16.61=33.51 

Partially Saturated Air. — As previously indicated, air is saturated 
when it contains the saturated vapor of water, and it was also observed 
that the weight of the yapor per unit volume corresponds to the tem- 
perature of the saturated steam at the temperature of the mixture. 
Also, it was pointed out that the air does not affect in any manner the 
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Table 90.— Properties of Saturated Air. Mixture of Air 
Saturated with Water Vapor. 

G. F« Gebhardt 


Tempera- 

ture. 

greee Fabr. 

Weii^bt ot 
Water New* 
aary to Satu- 
rate 100 Lb. of 
Pry Air. 

Volume of Ooe 
Pouod of Dry Air 
+ Vapor to &tu* 
rate it. Cubic Feet. 

Heat CootCDt 
_per Pouod ol 
Dry Air, B.t.u. 

leteot Beat of 
Vapor to Ooe 
Lb. of Dry Air 
Saturated with 
Vapor, 

Heat CoDteat ol 
One Lb. of Dry 
Air Saturated with 
Vapor, 

0 

0.078 

11.59 

0.000 

0.964 1 

0.964 

10 

0.131 

11.86 

2.411 

1.608 

4.019 

20 

0.214 

12.13 

4.823 

2.623 

7.446 

30 

0.344 

12.41 

7.234 

4.195 

11.429 

32 

0.378 

12.47 

7.716 

4:05S 

11.783 

35 

0.427 

12 55 

8.44 

4.57 

13.02 

40 

•0.520 

12.70 

9.65 

5.56 

15.21 

45 

0.632 

12.85 

10.86 

6.73 

17.59 

50 

0.7M 

13.00 

12.07 

8.12 

20.19 

55 

0.920 

13.16 

13.28 

9.76 

23.04 

60 

1.105 

13.33 

14.48 

11.69 

26.18 

62 

1.188 

13.40 

14.97 

12.12 

26.84 

65 

1.323 

13.50 

15.69 

13.96 

29.65 

70 

1.578 

13.69 

16.90 

16.61 

33.51 

72 

1.692 

13.76 

17.38 

17.79 

35.17 

75 

1.877 

13.88 

18.11 

19.71 

37-81 

80 

2.226 

14.09 

19.32 

23.31 

42.64 

85 

2.634 

14.31 

20.53 

27.51 

48.04 

90 

3.109 

14.55 

21.74 

32.39 

54.13 

95 

3.662 

14.80 

22.95 

38.06 

61.01 

100 

4.305 

15.08 

24.16 

44.63 

68.79 

105 

5.05 

15.39 

25.37 

52.26 

77.63 

no 

5.93 

15.73 

26.58 

61.11 

87.69 

115 

6.94 

16.10 

27.79 

71.40 

99.10 

120 

8.13 

16.52 

29.00 

83.37 

112.37 

125 

9.53 

16.99 

30.21 

97.33 

127.54 

130 

11.14 

17.53 

31.42 

113 64 

145.06 

135 

13.05 

18.13 

32.63 

132.71 

165.34 

140 

16.32 

18.84 

33.85 

155.37 

189.22 

145 

18.00 

19.64 

35.06 

182.05 

217.10 

160 

21.22 

20.60 

36.27 

214.03 

250.30 

155 

26.11 

21.73 

37.48 

252.61 

290.10 

160 

29.87 

23.09 

38.69 

299.55 

338.20 

165 

35.77 

24.75 

39.91 

357.75 

397.70 

170 

43.24 

26.84 

41.12 

431.20 

472.30 

175 

52.90 

29.51 

42.33 

526.0 

, 568.30 

180 

65,77 

33.04 

43.55 

651.9 

' 695.50 

185 

83.69 

37.89 

44.76 

826.1 

870.90 

190 

109.80 

45.00 

45.97 



195 

191.06 

56.20 

47.20 



200 

229,50 

77,24 

48.40 


1 

205 

419.00 


49.62 



210 



50.83 



212 



51.39 










496 


PRINCIPLES OF REFRIGERATION 


amount of the water vapor in a given volume, but only affects the total 
pressure and weight of the mixture. If a unit volume of air contains 
only part of the weight of the vapor corresponding to the saturation 
point, it is said to be partially saturated, and the relative amount of 
the water vapor present is known as the relative humidity. In other 
words, the relative humidity is the ratio of the actual amount of mois- 
ture contained in a unit volume of the mixture to the amount which the 
unit volume would hold at the same temperature if it were saturated. 

The actual or absolute humidity is the weight of water vapor in a 
given volume of air and is usually expressed in pounds of water vapor 
per cubic foot of air. If the relative humidity is below 100 per cent, it 
is evident that the water vapor must be in a superheated state, because 
this is the only way that the relative weight of the water vapor in a 
unit \’olumc of air could be decreased. This is due to the fact that the 
temperature of the vapor in the mixture is higher than the temperature 
of the saturated vapor corresponding to the pressure of the vapor in 
the mixture. It will be also observed that atmospheric air, in general, 
contains superheated water vapor or steam, and that it contains satu- 
rated steam only when the moisture is condensing out of the atmos- 
phere; that is, it is raining. 

From the foregoing, it is evident that if partially saturated air is 
cooled at constant pressure, there will be a temperature at which the 
water vapor will become saturated and that the further reduction of 
temperature will cause condensation. This condensing point is known 
as the clew point and is the temperature at which saturation is ob- 
tained. The relative humidity and the dew point of atmospheric air are 
ordinarily determined by use of an instrument which is called the psy- 
chrometer. The sling psychrometer consists of two thermometers 
which are suitably mounted and attached to a handle so that they may 
be rotated. Wet bulb thermometer, as the name indicates, is a bull) 
which is covered with a piece of soft cloth or wick which is kept moist 
with water. The dry bulb is exposed directly to the air. When the 
sling psychrometer is rotated or whirled at a rate of 150 to 200 revolu- 
tion’s per minute, evaporation takes place on the wet bulb thermometer, 
so that a depressed temperature reading is secured. By means of the 
temperature readings on the wet and dry bulb thermometers, it is pos- 
sible to determine the relative humidity, the dew point, and the amount 
of water vapor in the air. The relation of the dew point, relative hu- 
midity, moisture content and temperature is shown by Table 91. 

If the air is saturated with water vapor, it is evident that no evapo- 
ration will take place on the wet bulb thermometer, and that the read- 
ings of the wet and dry bulb thermometers will be the same. As the 
relative humidity is decreased, there will be a correspondingly in- 



Table 91.— Relative Humidity. Dew Points and Grains of Moisture Per Cubic Foot for Various Dry and Wet Bulb 

Temperatures of the Sling Psych rometer-Barometric Pressure, 30 Inches. 
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lEMpERATURES OF THE SuNG Psychrometer-Barometric PRESSURE, 30 INCHES.— (Continued.) 
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creased depression of the reading of the wet bulb thermometer below 
the reading of the temperature of the dry bulb. 

The relation between the pressure of the dry air and the water vapor 
in the mixture is determined by assuming that Dalton’s law will hold 
good for vapors at low pressures, ^nd that the actual pressure of the 
vapor in the mixture and the pressure of the saturated vapor at the 
same temperature have a ratio which is equivalent to the relative hu- 
midity. This may be expressed in a formula as follows: 

P, = h X P.v 

where P» = actual pressure of the vapor in mixture at 
temperature of the mixture 
h = relative humidity of the mixture 
P.» = pressure of the saturated vapor at the 
temperature of the mixture 

The relation between the total pressure and the partial pressure of 
the air and the vapor may be expressed as follows: 

Pm = P« -h P» or 

P, = P„ — p. 

The relation between the pressure, volume and temperature of the 
mixture may be expressed in the following equation : 

(Pm — P») X V. = 0.37Tt 

The weight of the dry air per cubic foot may be found as follows: 

1 

w« = ^— 

V. 

The weight of the water vapor in pounds per cubic foot of the mix- 
ture may be determined by the following formula: 


w» = h X 

where w* = weight of water vapor in a cubic foot in lbs. 
h = relativ humidity 

Wi» = weight of the saturated water vapor per cu. 
ft. at the temperature of the mixture 

The total weight of the mixture per cubic foot may be obtained as 
follows : 


Wm = W« + W* 


The total weight of water vapor contained in a pound of dry air may 
be found as follows : 

w “ V» X w» 

where w = weight of water vapor per Ib. of dry air 
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In general, to obtain a thorough understanding of the mechanical 
cooling of air, one must appreciate the relation between the wet and 
dry bulb temperatures, the dew point, and the relative humidity. Air 
that IS saturated has a dew point and dry bulb and wet bulb tempera- 
ture readings which are identical. 

It is evident that if air that is saturated is cooled, the volume will 
be contracted and some of the moisture will be condensed. The magni- 
tude of the cooling effect required will be determined by the initial and 
final temperatures of the saturated air. When the air is partially 
saturated, the cooling process is somewhat different. As the temper- 
ature of the air is reduced, or as the heat is removed from the air, the 
dry bulb temperature falls and the wet bulb temperature falls until 
they finally reach the dew point temperature, at which the air is com- 
jiletely saturated. The cooling to be effected in this case, therefore, 
amounts to the sensible heat of the air and the latent heat of condensa- 
tion of the moisture. 

In some cases, it is desirable to pass the air through a fine spray of 
recirculating water. In the case that the air is partially saturated, 
the air will absorb moisture; the dry bulb temperature will begin to 
fall and will continue to fall until it reaches the wet bulb temperature. 
The dew point, at the same time, will have risen to the wet bulb 
temperature and the air will be completely saturated. It is evident 
that heat is interchanged between the water and the air, and that very 
little heat will be taken from any other source. The sensible heat 
evolved from lowering the temperature of the air appears again in 
the form of latent heat of vaporization of the water which has been 
evaporated to saturate the air. This is known as the adiabatic satura- 
tion of air. From this it will be observed that when the air is not 
adiabatically saturated with moisture, the cooling will be that required 
to cool the air from the initial dry bulb temperature to the dew point 
temperature, together with the latent heat of condensation of the 
moisture ; that when the air is adiabatically saturated with moisture, 
the heat required to be removed from the air will depend upon the 
heat content of the saturated air at the wet bulb temperature and the 
heat content of the saturated air at the lowest temperature. 

The magnitude of the heat content may be assumed to consist of 
the sensible heat of the air and the latent heat of the vaporization of 
the moisture in the air, neglecting the heat of the liquid of the water, 
which is a very small quantity. This may be expressed as follows : 

Hm = Cp« X tm -h Tt X w 
where Hm = heat content of the mixture Btu. 
per lb. above 0* F. 

tm = temperature of the mixture degrees F. 

T* = latent heat of vaporization of the water 
vapor at the temperature of mixture 
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Or in the case that the air is adiabatically saturated with moisture, 
the heat content will be found to be equal to the sensible heat of the 
air at the temperature of the wet bulb and the latent heat of vaporiza- 
tion of the water vapor at the temi>crature of the wet bulb. This may 
be expressed as follows : 

X t»i» + r» X w 

where — heat content of the air at wet bulb 
temperature in Btu. per lb. above 0^ F. 

as temperature wet bulb thermometer in 
degrees F. 

Ilxample i.— Atmospheric air is at the normal pressure of 14.7 
pounds per square inch and has a dry bulb temperature of 90'^ and a 
wet bulb temperature of 85”. It is desired to determine the relative 
humidity, the dew point, the partial air and water vapor pressures, 
the volume of a pound of the mixture, the relative weights of dry air 
and water vapor per cubic foot of the mixture, and the heat content of 
the mixture in Btu. per pound above 0” I'. 

By referring to Table 91 it will be noted that the relative humidity 
corresponding to the dry bulb temperature of 90° and the wet bulb 
temperature of 85° is 81 per cent, and at the same point it will be noted 
that the dew point temperature is 83°. Also, from Table 89, it will be 
noted that the saturated water vapor pressure corresponding to 90° 
is 0.696 pounds per square inch. The various quantities may be calcu- 
lated as shown in the following paragraph : 

The absolute pressure of the saturated water vapor in the mixture 
in pounds per square inch may be found as follows; 

Pt = 0.81 X 0.696 = 0.564 lbs. 

The absolute pressure of dry air in the mixture, in pounds per 
square incli, is found as follows; 

p. = 14.700 - 0.564 = 14.136 lbs. 

The volume of the dry air in cubic feet is found as follows: 

0.37 T. 0.37 T. 

V. = = 

P„ _ p.v p, 

0.37 X 549.6 
=14.35 

14.136 

The weight of a cubic foot in pounds is found as follows ; 

1 

» I ■ I = 0.0698 
14.35 

The weight of vapor in one cubic foot of the mixture is found as 
follows: 
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Wr = 0.81 X = 0.00173 

469.3 

folllws P" is found us 

wm = 0.0698 + 0.00173 = 0.07153 

foil Jws : ''“P" of dry air is found as 

w = 0.00173 X 14.35 = 0.0248 

‘‘■■y “ “'"^'snt pressure between 

the temperatures of t, and U is found as follows: 

= ®-|41 1 + 0.0000045 (0 + 90) 

Ihe heat content of the mixture above 0° F. is found as follows: 

Hm *= 0.2415 X 90 + 0.0248 X 10412 
* 47.6 

1 of the saturated air at the temperature of the wet 

bulb thermometer may be determined as follows: 

Hwb = Cp* X twb 4" fv X w 

The volume of one pound of dry air is found as follows : 

0.37 T. 0.37 X (85 + 459.6) 


V. = 


Pm P»» 
= 14.3 


14.7-0.594 


Water vapor per pound of air is calculated as follows; 


w = 14.3 X 


545.9 


= 0.0262 


Then the heat above 0® F. is found to be: 


H*b = 02415 X 85 + 1044 X 0.0262 
= 48.0 


Psychrometric Properties of Air, — The various psychrometric prop- 
erties of dry, saturated, and partially saturated air have been tho- 
roughly investigated by W. H. Carrier. The result of his research is 
shown by Fig. 172 in cover pocket, which indicates graphically the 
relationship of the dry and wet bulb temperatures, the dew point tem- 
peratures, percentages of humidity, specific volumes, and heat contents. 
Mr. Carrier presented his findings before the A. S. M. E. at the 1911 
annual meeting. 
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Referring to Fig. 172, it will be noted that the dry bulb temperatures 
are represented by vertical lines with values indicated on lower edge 
of chart. Wet bulb temperatures are represented by oblique straight 
lines with values indicated on the curved line marked “Wet Bulb 
Temperature.” Dew point temperatures are represented by horizontal 
lines and their values indicated on the curved line, ^1, marked ‘‘Wet 
Bulb Temperature.” Percentages of relative humidity are represented 
by converging curved lines with values indicated between the oblique 
straight lines for 63® and 64 F. wet bulb temperature. Any two of 
the properties may' be found if two others are known. First, find the 
point of intersection of the lines representing the given properties, 
and then follow through this point, the lines representing the unknown 
properties and the values of the latter. can be read from their respective 
scales. 

Total heat of air is a function of its wet bulb temperature, as 
described and proved by Mr. Carrier in his paper, “Rational Psychro- 
metric Formulae.” In the chart, it is taken for the sake of convenience 
as above 0® F. The total heat in Btu. is represented by horizontal 
lines with values indicated at the left by the scale V. “Total Heat 
Above Zero Degrees Contained in One Pound of Dry Air Saturated 
with Moisture.” 

To find the total heat, the wet bulb, temperature must first be 
determined. Then follow the vertical line through the wet bulb tem- 
perature reading at 100 per cent relative humidity, to the “Total Heat,” 
curve V. The horizontal line through this point of intersection repre- 
sents the total heat above 0® F., and the value is indicated on the scale 
D at the left. 

To find the resulting relative humidity when heating or cooling air 
without changing its dew point, the following procedure is necessary : 
Find the dew point line for the given conditions, which is the horizontal 
line through the point of intersection of the (vertical) dry bulb line 
with the (oblique) wet bulb line. Follow this line horizontally to the 
new dry bulb temperature line and read the percentage of humidity for 
this point of intersection. 

Vapor pressure in inches of mercury depends upon the dew point 
and is represented by horizontal lines with values indicated by the 
scale E, “Vapor Pressure in Inches of Mercury.” To determine the 
vapor pressure read horizontally from intersection of (vertical) dry 
bulb line with (oblique) wet bulb line to the wet bulb temperature, 
curve A. Then read vertically to the vapor pressure curve E, and then 
to the vapor pressure scale E, at the left. The reading here is the vapor 
pressure. It should be noted when getting the reading for saturated 
air that the dew point, wet and dry bulb temperatures are identical. 
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Absolute humidity (grains of moisture per cubic foot), may be 
found as follows: Absolute humidity is a function of the dew Mint 

per cubic f" P" '•'■y 

per cubic foot. The grams of moisture per pound of dry air are Repre- 
sented by honaontal lines with values indicated, on the sca^" 
Grams of Moisture per Pound of Dry Air.” 

To find the grains of moisture per cubic foot for air under given 
conditions, first determine the grains per pound of dry air by filing 

bidb'l n!^"'' r' line and the (oblique) wet 

lib line and reading from there horizontally to scale A, “Grains of 

Moisture per Pound of Dry Air” at the left. The volume in cubic feet 

per pound of dry air is represented by horizontal lines with values 

induated by scale B, ‘Cubic Feet per Pound.” Find the points of 

mtersection ot the (vertical) dry bulb temperature line with the curves 

B \ olume in Cubic Feet of One Pound of Dry Air Saturated with 

Moistuie and \ olume in Cubic Feet of One Pound of Dry Airii’ 

Follow these horizontally to the left and read the values on scale.5. 

1 he difference in these two readings of volumes is the extra volume 

due to moisture at 100 per cent relative humidity. 

To obtain direct the volume of the moisture per pound of air under 
the given conditions, find the volume of water vapor for the given 
per cent of humidity and add it to the volume of dry air. 

Then grains of moisture per cubic foot, or in other words, the 
absolute humidity is found as follows: 


Grains per pound of dry air 
Cubic feet per pound of mixture 

The following examples will indicate the usefulness of the Carrier 
Psychrometric Chart, Fig. 172, 

Example 1. Given: Dry bulb temperature, 70° F. ; wet bulb tem- 
perature, 60° F. Find the percentage of relative humidity and the 
dew point. 

Locate point of intersection of vertical line representing 70° dry 
bulb temperature and the oblique line representing 60° wet bulb tem- 
perature. Reading from this point, the percentage of relative humidity 
is 56 and the dew point 53.4° F. 

Example 2. Given : Dry bulb temperature, 80° ; relative humidity, 
59 per cent. Find the dew point and wet bulb temperature. 

Locate the point of intersection of the vertical line representing 80° 
dry bulb temperature and the curved line representing 59 per cent 
relative humidity. Reading from this point, the dew point is 64.8° 
and the wet bulb temperature 69.5°. 
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Example 3. Given: Dry bulb temperature, 75®; clew point tem- 
perature, 55®. Find percentage of relative humidity and wet bulb 
temperature. 

Locate the point of intersection of the vertical line representing 75° 
dry bulb temperature and the horizontal line representing 55® (wet 
bulb temperature scale). I<!cading from this point, the relative humid- 
ity is 49.8 per cent and the wet bulb temperature 62.3®. 

Example 4. Given : Relative humidity, 50 per cent ; wet bulb tem- 
perature, 60®. Find dry bulb temperature and dew point. 

Locate the point of intersection of the curved line representing 
50 per cent relative humidity and the oblique line representing 60® 
wet bulb temperature. Reading from this point, the dry bulb temper- 
ature is 71.7° and the dew point 52°. 

Example 5. Given: Wet bulb temperature, 55°; dew point, 50®. 
Find dry bulb temperature and relative humidity. 

Locate the point of intersection of the oblkjuc line representing 55® 
wet bulb temperature and the horizontal line representing dew point 
of 50®. Reading from this point, the dry bulb temperature is 61.5° and 
the relative humidity 68 per cent. 

Example 6. Given : Relative humidity, 40 per cent ; dew point, 40®. 
Find dry bulb temperature and wet bulb temperature. 

Locate the point of intersection of the curved line representing 40 
per cent relative humidity and the horizontal line representing 40® dew 
point. Reading from this point, the dry bulb temperature is 65® and 
the wet bulb temperature 52®. 

Example 7. Given : Dry bulb temperature, 70® ; relative humidity, 
60 per cent. Find the total heat. 

The wet bulb temperature determined by the method used in 
Example 2, is 61® F. Following the vertical line through the point 
representing 61® wet bulb temperature and 100 per cent relative humid- 
ity, to its intersection with curve D and then reading horizontally to 
scale D on the left, the total heat above zero degrees in one pound of 
given air is 26.7 Btu. 

Example 8. Given: Dry bulb temperature, 70°; wet bull) tem- 
perature, 60°. Find the resulting relative humidity when air is heated 
to 80® (dry bulb temperature). 

The point of intersection of (vertical) 70® dry bulb and (oblique) 
60® wet bulb line indicates an existing humidity of 56 per cent. Fol- 
lowing the point of this indication horizontally to intersection with the 
(vertical) 80° dry bulb line the relative humidity reading on the curve 
is 40 per cent. The heat content at dry bulb temperature of 70® and 
wet bulb temperature of 60° is noted to be 26.0 Btu. The heat content 
at 80° and 40 per cent relative humidity is observed to be 28.4. The 
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difference, 28.4 — 26.0 *= 2.4 Btu., the heat required to heat or cool 
ihe air under these conditions. 

Example 9. Given: Dry bulb temperature, 70°; wet bulb temper- 
ature 60’. Find the vapor pressure. 

Read vertically on the 70° dry bulb line to the point of inter- 
•section with the (oblique) 60° wet bulb line, and then horizontally 
to the wet bulb temperature curve A, locating the dew point, then 
read vertically from the dew point 53.5°, to the vapor pressure curve 
£, and then to vertical scale £, “Vapor Pressure in Inches of Mercury.” 
The vapor pressure for this point reads 0.406 in. 

Example 10. Given: Dry bulb temperature, 70°; wet bulb tem- 
perature, 60°. Find the absolute humidity (grains of moisture per 
cubic foot). 

Reading vertically on the 70° dry bulb line and obliquely on the 
60° wet bulb line to the curve marked “Wet bulb temperature,” and 
from there directly horizontally to scale A, the number of grains of 
moisture per pound of dry air is 61. 

Then locate the points of intersection of the vertical dry bulb line 
for 70° with the two curves B, and follow these horizontally to scale 
B at the left, this gives the following volumes: 

13.7 cu. ft. — Volume of 1 lb. of dry air saturated with moisture 

13.38 cu. ft. — Volume of 1 lb. of dry air 

0.32 cu. ft. — Extra volume due to moisture at 100 per cent humidity 

In instances where the air is saturated or dry, its volfime may be 
found directly by locating the point of intersection of the (vertical) 
dry bulb line with the corresponding curve B and referring to the 
scale B. 

The percentage of relative humidity for air under the given condi- 
tions is indicated where the 70° dry and 60° wet bulb lines intersect, 
which by interpolating between the 60 per cent and 50 per cent rela- 
tive humidity curves is 56 per cent. The products 0.56 X 0.32 gives 
the cubic ft. volume of moisture in the given air as 0.1792. The total 
volume is found as follows : 

13.38 cu. ft. — Volume of dry air 
0.1792 cu. ft. — Volume of moisture 

13.5592 cu. ft. — Volume of 1 Ib. of the given mbeture 

The quotient, 61 -r- 13.5592 = 4.50 grains of moisture per cubic 
foot. 

Refrigeration Requirements. — From the foregoing, it will be noted 
that atmospheric air is composed primarily of dry air and water vapor. 
Therefore, in considering the amount of cooling which is required to 
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change the temperature of the air, it is evident that consideration must 
be given to the sensible heat of the air and the latent heat of the water 
vapor. In addition to this, it is evident that a certain amount of 
refrigeration is necessary for cooling the water that is condensed out 
of the air as it is cooled. In general, this factor is quite small and 
may be neglected. Also, if the moisture that is condensed out of the 
air is allowed to freeze on the refrigerating surfaces, it is evident that 
allowance must be made for the latent heat of fusion of the ice. 

The principal refrigeration requirements depend upon the sensible 
heat of the air and the latent heat of fusion of the moisture. The 
amount of cooling that must be allowed for these two effects may be 
determined by noting the difference between the heat contents of the 
air before and after cooling. The method of calculation of these heat 
contents has been previously indicated, and such heat contents may 
be rapidly estimated by means of Table 91 and Fig. 172. When the 
condition of the air is known before cooling, the wet bulb temperature 
may be determined by means of Table 91 and Fig. 172. After this wet 
1 ) 011 ) temperature has been determined, and remembering that the heat 
content depends upon the saturated air at the temperature of the wet 
bulb thermometer, this heat content may be taken directly from Fig. 
172 or it may be calculated as previously outlined. 

In a similar manner, it is possible to determine the heat content of 
the air after it has been cooled. It should be noted that these heat 
contents, as indicated on Fig. 172, give only the heats which are nec- 
essary for the sensible heat of the air and the latent heat of the mois- 
ture. If it is desired to give consideration to the heat of the liquid and 
the latent heat of fusion of the ice, the magnitudes of these heats may 
he estimated as follows: The amount of water vapor present in the 
air before cooling is readily determined by calculations as previously 
outlined or may be read directly from the chart. In a similar manner, 
the amount of water vapor present in the air after it has been cooled 
may be calculated or taken from Fig. 172. By noting the difference 
between these two vapor contents, the amount that is condensed out 
is determined. After determining the exact amount of water vapor 
which is condensed, the heat to be removed may be taken to be pro- 
portional to one-half of the temperature range of the air. 

The heat to be removed to freeze the water which is condensed out 
of the air may be allowed for in direct proportion to the weight of the 
water condensed out and the latent heat of fusion of the ice. It should 
be noted that any condition of relative humidity may be secured, or 
any temperature of air may be maintained by the use of mechanical 
refrigeration. The humidity of the air may be controlled by cooling 
the air to a temperature which is sufficiently below the desired tern- 
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pcralure, iliat llie nioislure conlent at the lower temperature will give 
the proper humidity when the air is heated to the desired temperature. 

I'he process sinii)ly consists of cooling the air to a low temperature 
to redtice the iiioisture content, after which the air is heated at con- 
>iant pressure to the desired temperature before it is introduced into 
the room or jtroccss under consideration. It is evident that the amount 
of cooling and the amount of heat required in the latter case may be 
calculated by tlic methods which have been j)reviously indicated. 

Example 1 . In the previous example, the atmospheric air had a dry 
bull) temperature of 90® and a wet bulb temperature of 85®, and was 
iiiKlcr a normal atmospheric pressure of 14,7 lb. per sq. in. It is desired 
to cool and condition this air to a temperature of 65° and a relative 
luitnidiiy of 61 per cent. It is desired to determine how low the air 
mav be cooled, so that when it is heated to 65® it has a relative humidity 
<<f t)l ])er cent ; to determine the amount of initial cooling efifect; to 
determine the amount of heat to be added to bring the air up to the 
temperature of 65®. 

Since tlie heat content of the air at a dry bulb temperature of 90® 
and a wet bull) temperature of 85® depends upon the temperature of 
the wet bull) thermometer, the heat content of this condition may be 
taken from Fig. 172, or it may be calculated, as previously indicated. 
If taken from the chart, it will be observed that the heat content of dry 
saturated air at 85® F. is 47.7 Blu. per lb. If it is desired to have the 
air at a temperature of 65® and a relative humidity of 61 per cent, it is 
evident that the air must be cooled to the dew point temperaUire so 
that when it is healed up to 65® the moisture content present will give 
the air a humidity of 61 per cent. 

P'rom Fig. 172, therefore, it will be observed that the dew point 
corresponding to the temperature of 65® and a relative humidity of 
61 per cent is 51® F. Thus, the air in this problem must be cooled from 
a temperature of 90° to a temperature of 51°. The heat content at 51® 
and 100 per cent relative humidity may be obtained by calculation or 
by reading from the chart. The content of dry saturated air at -51® 
is 20.8 Btu. per lb. The difference in the heat content before and after 
cooling will give the cooling effect required, which in this case is 
equal to 47.7 — 20.8 = 26.9. In order to determine what heat must 
be added to this air to heat it from 51® to 65®, it is only necessary to 
note the heat contents at these temperatures. 

From Table 91, it will be observed that the depression of the wet 
bulb thermometer for a temperature of 65® and a relative humidity of 
61 per cent is equal to 8®, since the wet bulb thermometer reading is 
57®. The heat content of dry saturated air at 57® and a 100 per cent 
relative humidity may be taken from Fig. 172 and is equal to 24.2. The 
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heat required to reheat the air from 51® lo 65® would be equal to 
24.2 — 20,8 = 3.4 Btu. per lb. 

The heat required to cool the moisture which is condensed out of 
the air may be approximately obtained as follows; From Fig. 172 
it will be observed that the moisture content of air at 90® dry Inilb and 
85® wet bulb temperature is equal to 175 grains per lb. of dry air. At 
51® the water vapor to saturate one pound of air may be obtained from 
Fig. 172 and will be observed to be 56 grains. The heat rccpiired to 
cool the moisture which is condensed out would be found as follows; 

/175- 56\ /85-51\ 

( ) X ( 1= 0.290 

\ 7000 J \ 2 J 

The total cooling in this case would be 27.3 + 0.290 = 27.59 Btu. 
per lb. 

Weather Conditions.— The refrigeration required for the mechan- 
ical cooling of air depends, to a certain extent, upon the general weather 
conditions and the location of the plant. It is evident that in estimating 
the amount of refrigeration requirement the average maximum wea- 
ther conditions for the plant in question should be taken into con- 
'sideration. The refrigerating plant must, at all times, be able to 
produce the desired re.sult. so that, in general, it is advisable to lake 
into consideration the average maximum weather conditions when 
designing the plant. 

The average extreme weather conditions for cities located in the 
United States and some foreign countries are shown by Table 92. This 
table gives the dry bulb temperature, the wet bulb temperature, the 
relative humidity, and the direction and velocity of the prevailing 
winds. The values shown in the table are averages for the month of 
July and have been based upon government data from the Unitc<l 
States Weather Bureau. It will be noted that the weather conditions 
or the state of the atmosphere varies greatly with the locality. In 
addition to the variations shown, it is evident that the conditions of 
the atmosphere will vary from day to day so that when an air cooling 
plant is being considered, it is well to use temperatures given in 
Table 92 or temperatures which are somewhat higher. If the refrig- 
erating plant is designed under these considerations, it will in general 
give satisfaction and service. 


Types of Air Cooling Apparatus. — The apparatus used for the 
cooling of air may be divided into two general classes, according to 
the principles of operation. In the first class are those which cool the 
air by means of cold surfaces, and in the second class are those that 
cool the air by means of cold liquids. The principal results of this 
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Tabi.e 92. — Extreme Weather Conditions. 
(July Averages.) 

Thi Cooling Tower Company 





Dry 

IKelativr Wet i 






bulb 

Humid- 

bulb 

Wind 


State 

1 

City 

1 

in 

ity in 

in 

Miles 

Direction 



Deg. 

Per 

Deg. 

& 

of Wind 




Fahr. i 

Cent. 

Fahr. 


Alabama 


Montgomery 

81.0 

70.0 

73.5 

5.0 

S. W. 



Mobile 

80 5 

79.0 

75.5 

6 0 

S. 



Birmingham 

79.8 

73.0 

73.3 

5.0 

S. W. 

Arizona 


Yuma 

91.0 

36.0 

71.0 . 


W.&S. 



Phoenix 

90.5 

31.0 

68.5 . 


£. 

Arkansn'; 


Little Rock 

80.0 

72.0 

73.0 

SO 

S.&S. W. 



Ft. Smith 

80.5 

68.0 

72. S 

5.0 

£. 

California 


San Fran. 

57.5 

82.0 

$4.3 

14.0 

W. 



Sacramento 

72.4 

51.0 

60.6 

9.7 

S. 



Los Angeles 

67.4 

72-0 

61.6 

4.5 

W. 



Red Bluff 

82. 1 

30.0 

62.0 

5.7 

S. E. 



San Diego 

66.9 

78.0 

62.4 

5.4 

S. W, 

Colorado 


Denver 

71.8 

45.0 

57.8 

7.5 

S. 



Colo. Springs 
Pueblo 

67.9 

51.0 

56.4 • 





72.6 

44.0 

58 0 

7.0 


Connecticut 


New Haven 

71.9 

73.0 

65.9 

8.0 

S. 

DIst. Col. 


Washington 

76.8 

69.0 

69.3 

5.3 

S. 

Florida 


Jacksonville 

80 9 

75.0 

75-0 

8.0 

S. W. 



Key West 

83.7 

73.0 

76.7 

8 0 

E. 



Tampa 

79.9 

79-0 

75.0 

6.0 

B. 8b N. £. 



Pensacola 

81.3 

77.0 

75.8 

8.0 

S. W. 

Georgia 


Augusta 

80.5 

74.0 

74.0 

5.0 

S. 8b $. E. 


Atlanta 

77.6 

67.0 

69.6 

8.6 

. K W. 



Savannah 

80.5 

79.0 

75. 5 

6.4 

s. w. 

Illinois 


Cairo 

78.6 

75-0 

72.4 

6.2 

s. 



Chicaffo 

72.3 

71.0 

65.8 

15.1 

S. W. 


Springfield 

76.1 

64.0 

68.0 

6. 6 

s» w« 

Indiana 


Indianapolis 

76.4 

65.0 

68.0 

8.2 

s. w. 

Iowa 


Daves^rt 

D«s Moinea 

75.4 

75.0 

65.0 

66.0 

67.2 

67.0 

7.4 

7.J 

S. W. 

s. w. 


DubuQue 

Keoku 

74.7 

77.0 

66.0 

67.0 

66.7 

69.0 

5.5 

6.9 

N. W- 

s. 

Kansas 

Concordia 

Dodge City 

77.7 

77.7 

58.0 

58.0 

67.2 

66.7 

• ♦ # 1 ^ ♦ 

8. 

S. B. 


Wichita 

78.3 

65.0 

69.5 


s. 

Kentucky 

Lexington 

Louisville 

76.0 

78.6 

64.0 

64.0 

68.0 

69.6 

8.0 

6.1 

s. w. 
s. w. 

Louisiana 

New Orleans 

81.3 

76.0 

75.3 

6.5 

s. w. 

Shreveport 

82.1 

72.0 

75.0 

5.0 

S.&S. E. 

Maine 

Eaatport 

Portund 

59.8 

68.0 

81.0 

71.0 

56.3 
62.0 .. 

1 

s. & s. w. 
s. 

Maryland 

Baltimore 

77.3 

70.0 

69.6 

6.6 

s. w. 

Mass, 

Boston 

71.3 

70.0 

64.8 

0.3 

s. w. 

Nantucket 

67.5 

85.0 

64.5 


s. w. 

Michigan 

Alpena 

65.8 

78.0 

60.3 

8.0 1 

3. E. & W. 

Detroit 

72.1 

69.0 

65.1 

9.0 

S. W. 


Grand Haven 

69.7 

70.0 

63.2 

9.0 

S. W. 


Escanaba 

66.7 

73.0 

61.2 

8.0 

S. 


Marquette 

64.9 

70.0 

59.0 

9.0 

K. W. 


Port Huron 

69.0 

72.0 

63.0 

9.0 

N. E. 


Grand Rapids 

72.6 

68.0 

65.4 

9.0 

S. W. 
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Table 92.— Extreme Weather Conditions. 
(July Averages.)— (Continued.) 


State 

1 City 

1 

% 

Dry 

bulb 

in 

Deg. 

Pahf. 

Relative 
Humid* 
ity in 
Per 
Cent. 

Wet 

bulb 

in 

Deg. 
Pahr. 1 

Wind 

Miles 

, & 

Direction 
oC Wind 

Miss. 

Vickburg 

80.4 

75.0 

74.4 

6 0 

S. W. 

Minn. 

St. Paul 

Diiluth 

72.1 

66.0 

67-0 

71.0 

64.5 
60 0 

7.2 

no 

N. 

K. E. 

Missouri 

Kansas City 

St. Louis 
Springfield 

76 9 
79.1 
75.7 

67.0 

66.0 
70.0 

68 9 
70.6 
68.5 

7.5 

8.2 

7.7 

S. 

S. W. 

S. 

Montana 

Havre 

Helena 

Miles City 

68. S 
66.9 
73.0 

50 0 
43.0 
55 0 

57.0 
53.4 

62.0 


$. W. 

w. 

W. & N. w 


Nebraska 

North Platte 
Om^ha 

73.9 

76.5 

61.0 

59 0 

64.9 

66.5 

9-0 

7.0 

S.E. 

S. 


Valentine 

73.1 

57 0 

62.5 

10 0 


New Jersey 

Atlantic City 

72.5 

84.0 

69 0 

8 0 

s. w. 

New York 

Albany 

Buflalo 

New York 
Rochester 

72 0 
70.2 
73. S 
70.4 

71 0 
71.0 

71.0 

67.0 

65.5 

64.0 

67.0 
63.2 

7.7 

10.9 

9.1 

7.1 

s. 

s. w. 
s. & s. w 
s. w. 

N. Carolina 

Charlotte 

Sleigh 

Wilmington 

77.8 

77.8 

78.7 

17 1 

69 0 

73.0 

79.0 

70.3 

71.3 . 
73.7 . 

5 0 

4.7 

s. w. 
s. w. 
s. w. 

S. E. 


Asheville 






N. Dakota 

Bismarck 

Williston 

70 2 

69 2 

61.0 

56.0 

61.2 

59.2 

9 0 
9.0 

N. W. 
N. W. 

New Mex. 

Santa P4 

68 7 

46 0 

55.2 

6.1 

N. E. 

Ohio 

Cincinnati 

Cleveland 

Columbus 

Toledo 

77.7 
72.5 
75.0 

73.7 

63 0 

70.0 

64 0 

65.0 

68.7 

65.8 
66.5 
65. 7 

6.6 

11.7 

8.7 

8.0 

S. W. 
S.E. 

s. w. 

S. E. 

Oklahoma 

Okla. City 

79.0 

64 0 

70 0 

9.0 

s. 

Oregon 

Portland 

Roseburg 

66 3 
66.1 

60 0 
57.0 

58 0 
57 0 

7 9 
4.0 

N. W. 
N. W. 

Penna. 

Erie 

Philadelphia 

Pittsburgh 

Scranton 

Harrisburg 

71.8 

75.8 
74.6 

71.8 
74.5 

69.0 

66.0 
68.0 
68.0 
67.0 

64.8 

67.8 
67.1 
64.5 
67.0 

9 0 
9.4 
5.2 
6.1 
5.7 

W. 

S. W. 
S. W. 
S. W. 
W. 

8. Carolina 

CharleatoD 

Columbia 

81.3 
81 1 

76.0 

72.2 

iCC t 

75.3 

74.1 

99 C 

9.8 

7.0 

s. w. 
s. w. 


Aiken 

81 1 3 

65 . S 

• S • 9 



8. Dakota 

Huron 

Pierre 

Rapid City 
Yankton 

71.6 
75.0 
71.9 

74.6 

65.0 

51.0 

47.0 

66.0 

63 6 
63.0 
59.5 
66.8 

to 4 
9.6 

7.5 

6.5 

S.E. 

S.E. 

W. 

s. 


TenneMce CtutUo^ 
Kaocville 
Memphis 
Nsshville 

Corpus Chriiti 
Bi Peso 
Galveston 
SsQ Antonio 
Pt. Worth 


77. 5 
76. a 
SO 7 
79 4 

82. a 

St. 9 

80.5 
83.0 
82 4 

82 . 5 


71.0 

74.0 

68.0 
68.0 
sa.o 
80.0 

44.0 

76.0 

65.0 

51.0 


70.8 

5.2 

S. W. 

70.2 

5.0 

S. W. 

72.7 

7.4 

s. w. 

71.4 

5.0 

S. W. 

69.2 

9.0 

s. 

76.9 

12.0 

S. £. 

64. S 

9.7 

W.&E. 

77.0 

10.0 

S. 

73.4 

7.0 

S. E. 

69.5 

10.0 

S. 
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T ABi-F. 92 — Extreme Weather Conditions. 
(Jci.v Averages.) — (Concluded.) 


1 

State 

City 

Dry 
bulb > 
' in 1 
Deg- 
Fahr. 

Relative 
Humid* 
ity in : 
Per ' 
Cent. 

Wet 

bulb 

in 

Deg. 

Fahr. 

Wind 

Miles 

per 

Hour 

1 

Direction 
of Wind 

1 

Vermont 

Northficld 

Burlington 

66 1 
68.2 

78 0 

76 0 

61 6 
63.2 


S. 

S. 

Virginia 

Lynchburg 

Norfolk 

Richmond 

77.3 
78 4 
70.2 

69 0 

74 0 

70 0 

69 8 
72.6 
72 0 


s. w. 
s. w. 
s. 

Washington 

Seattle 

Spokane 

Walla Walla 

63 3 
68 8 
74-3 

64 0 

41 0 

40 0 

56.3 
55 0 
59 0 

5.5 

w, 

s. w. 
s. 

W. Virginia 

Parkersburg 

74 9 

68 0 

67. S 

4 0 

w. 

Wisconsin 

Green Day 

La Crosse 
Milwaukee 

69 6 
72 6 
69.7 

68 0 
71.0 

77 0 

62.6 
66 0 
64.7 

8 0 

6 0 
9.8 

N. & S. 
s. 

N. 

Wyonung 

Cheyenne 

Lander 

67 4 
66 6 

46.0 

43 0 

54 6 
52 6 

so 

4 0 

N. W. & S. 
S. W. 

Porto Rico 

San Juan 

79 9 

80 0 

75.2 

10 0 

E. 

Cuba 

Havana 

Santiago 

80 5 
80 2 

81 5 

74 0 

76 6 
73.9 

10 0 
5.4 

E. 

N. 

Jamaica 

Kingston 

80 3 

70 0 

73 0 

6 3 

N. E. 

Canada 

Montreal 

Toronto 

Winnipeg 

Calgary 

Victoria 

69 5 
68 5 
66 0 
60 6 
60.0 

79 0 

70 5 

77.5 

65.6 

69 0 

6.5 0 
62 3 
61 0 
53 6 
54.0 

113 

7.9 

11.3 

7.5 

9.5 

S. W. 

N. W. 

N. W. 

N. W. 

S. W. 

Bermuda 

Hamilton 

78.7 

84 0 

74-7 

9.5 

S. £. 

England 

Durham 

Sheffield 

Birmingham 

London 

59.5 

60.7 
60.4 

62.8 

79.0 

79.0 

75.0 

71.0 

56.0 

57.0 

56.0 
57 0 

3.5 

3.5 

3.5 

3.5 

S. W. 

W. 

W. 

s. w. 

Scotland 

Glasgow 

$8.0 

77.0 

54.0 

3 5 

w. 

Ireland 

Dublin 

60 5 
58.4 

77.0 

56.0 

3 S 

3 5 

s. 


Armagh 





China 

Hongkong 

Macao 

81.9 

79.0 

82.0 

83.7 

77 7 
75.3 

5.1 

9.9 

S. E. 

S. E. 


DATA BELOW TAKEN IN JUNE 


Brit. Ind. 

Bareilly 

Delhi 

Bombay 

Bhavnagar 

Calcutta 

89.8 

93.2 
82.4 

89.3 

84.8 

58 0 

45.0 

84 0 

71.0 

80.0 

78 0 
76.5 
78,4 
81.3 
79.8 

3.1 

3 6 
11.1 
11.5 

4 3 

S. E. 

S. E. 

W\ S. W. 

S. W. 

S. 


DATA BELOW TAKEN IK DECEMBER 
Valparwo 65.1 68.0 58.6 5.0 S.W. 
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cooling effect are the lowering of the temperature of the air and the 
condensation of some of iHc moisture contained in the air. 

The spray type air washer which cools the air by passing it through 
a fine spray Dt cold water was widely used ih tlte early installations 
of air conditioning. As efficient types of fin coils were developed and 
placed on the market at moderate prices they came into wide use on 
the smaller jobs. The range of application of the coils continued to 
expand into the larger jobs until the greatest portion of all comfort 

uir conditioning is handled by coils. 

For a number of vears all coils were cooled with water or brine 

but with the development of Freon 12 it came into use by direct ex- 
pansion into the coils on many jobs. In centrifugal compressors 
however the suction side with Freon 11 or similar low pressure re- 
frigerants operates at a rather high vacuum and it is necessary U. keep 
pressure drop between the expansion valve outlet and the machine 
suction at a minimum. Therefore water or brine is still used as a 
secondary refrigerant with refrigerants of this type. 

Air Conditioning for Human Comfort.-Thc proper cooling and 
conditioning of air for human comfort in such places as theatres, 
restaurants, churches, office buildings, auditoriums, and homes has 
made rapid progress during the Iasi few years Various t;pcs ol 
systems, some using mechanical refrigeration, others using ice, ha\c 

been developed and perfected for this class of work. 

In the following paragraphs special consideration will be given 
to standards of ventilation for comfort, sources of heat in air cooled 
and conditioned rooms, apparatus, and the application of the same. 


General Requirements.— Froper air conditioning for human com- 
fort depends upon a numl.er of factors, the most important of whicli 

are the following: 

1. Temperature of air. 

2. Relative Humidity. 

3. Air Motion and Speed. 

4. Volume of air induced into conditioned space. 

5. Purity of air. 

6. Distribution of air. . 

The first three factors, namely temperature of air, relative humidity, 

and air motion have been used to develop an arbitrary standard of 
comfort measurements known as “effective temperature. (Fig. 173.) 
This is an experimentally determined scale which is a true measure 
for one’s comfort for various combinations of air temperatures, rela- 
tive humidity, and air motion. 

Data on this subject presented here is the result of the work done 
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at the A. S. H. V. E. Research Laboratory in cooperation with the 
U. S. Bureau of Mines and it appears in the A. S. H. V. E. Guide, 1932. 

These figures are really psychromclic charts of the Carrier type, 
upon which lines of equal or constant elective temperatures have 
been drawn. The shaded area gives the range of effective temperatures 
under which 50 per cent of the people feel comfortable, according to 
the conditions shown on the chart. 



30 CO 70 CO 

^ OPCY BULB renPERfrruBE r 

Fig. 174. — Comfort Chart Issued by the Harvard School of 

Public Health. 


Where buildings are artificially cooled for human comfort during 
the summer, the inside temperature depends to a large extent upon 
the outside temperature. In other words, the inside temperatures 
should increase in some relation to the outside temperature. 

Table 93 gives the desirable indoor temperatures in summer cor- 
responding to various outdoor temperatures, and is based upon average 
moisture conditions outside, and upon relative humidities of 50 to 60 
per cent on the inside. 
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The rclaiiunship of optimum conditions tor both summer and 
inter are sliowii in 174. 1 liis chart shows that in the summer 

time the feeling of maximum comfort lies along the 71® F. effective 
temperature line. In winter time the feeling of maximum comfort 
lies along the 66® F. effectitc temperature line. 



1 — DksIRAHLE InDOOK TkMPERATIRES IX Sl-*MMF.R 

CoRJtKSPONDING TO OUTOOOR TeMPERATI'RES. 


Outside 

< Deerrees Inside 

Dry Bulb 

Dry Bulb 

Wet Bulb Effective Tciaoeraturi 

95 1 

i 80.0 

65.2 

73.4 

yu 1 

1 

78.0 

64.5 

72.2 

85 1 

76.5 

04.0 

71.1 

8U 

75.0 

63.5 

70.2 

75 

73.5 

63.0 

69.3 

70 

ft 4 ^ A 

72.0 

62.5 

08.2 


Ki|>i illicit from A. S. it. V. L. Uiiiiie, 193.’. 


Taiii.e 94. — Heat E.xutted uy Peksons Per Hour at Different 

Koo.m Tf.mpf.ratures. 


H = Heat emitted by man at rest per hour. 

HI = Heat emitted by man at light labor per hour. 

Ha = Heat emitted by man at average labor per hour, 
nil = Heat emitted by man at hard labor per hour. 

Foot-Pounds per hour 

H E = Heat Energy = 84 Btu., 1()8 

778 

Btu. and 252 Btu. respectively for light, average and 
hard labor. 

T = Room Temperature. 

X X PI £ 

H = 13.2 (98.6 -T) Heat due labor = 

100 

TXHE 


HI, 

Ha, or Hh 
( 

= 13.2 (98.6 -T) plus — 

100 

S 

Rest 

Heat Emitted by Man * 
Btu. per Hour at 

Condition Re<]uired 
to Balance 

Excess and Shortage 
in Heat Emission 

S4 Btu. 

Light 

Labor 

168 Btu. 
Average 
Labor 

252 Btu. 
Hard 
Labor 

30 

905 

931 

954 

981 

Increasing Humidity. 

40 

773 

807 

838 

874 

Heavy Clothing for Reduction 

50 

642 

684 

723 

768 

or Prevention of Radiation. 

60 

509 

559 

606 

660 


68 

404 

461 

518 

575 

Normal Condition. 

70 

378 

436 

491 

554 


75 

312 

375 

438 

501 

Decreasing Humidity. 

80 

246 

313 

375 

447 

Air Currents for Producing 

85 

180 

251 

322 

394 

Evaporation of Perspiration. 

90 

114 

189 

259 

342 



* For children use one-balf of table values. 
Reprinted from A. S. U. V. £. Guide, 1932. 



COOLING AND CONDITIONING OF AIR 


521 


Sources of Heat in Air Conditioned Rooms. — The most important 
sources of heat in air conditioned rooms are as follows: 

1. Heat emitted by occupants. 

2. Heal transmitted through walls, roof or floor of room. 

3. Heal generated by lights or motors. 

4. Infiltration <(f outside air. 

5. Sun effect. 

Heat Emitted by Occupants.— The heat emitted by occupants con- 
stitutes one of the largest sources of heat generation within air condi- 
tioned rooms. Table 94 gives the heat emitted per person per hour 
at different room temperatures an«l at different rales of work. 
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(Copyright, American Sociely o( Heating an«J Ventilating Engineers.) 

Fig. 175. — Relation Between Total Heat Loss from the Human Body 
and Effective Temperature from Still Air.* 

♦Curve A— Men working. 66.160 ft.lb. per hour. Curve B— Men working, 33,075 
£l.*lb. per hour. Cum C — Men working. 16,538 ft-lb. per hour. Curve D — Men seated 
at rest. Cums A and C drawn from data at an effective temperature of 70 deg. only, 
and extrapolating the relation between curves B and D, which were drawn from data at 
many temperatures. 
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Ihe heat given off by the human body is really made up of two 
parts. The first part is the actual radiation and convection loss of 
heat from the body, and is sometimes termed sensible heat. The 
second part of the heat loss from the body is the loss by means of 
water vapor. This amount of heat is sometimes termed latent heat 
loss of the body. 

The relationship between the sensible and latent losses of heat from 
tlie human body depends upon such factors as air temperaure, air 
velocity, etc. Figs. 175, 176, 177 and 178 prepared by the A. S. H. V. E. 
show the latest data on this subject. 

Fig. 175 shows the relation between the total heat loss from the 
human l^ody and effective temperature for still air. Fig. 176 shows 



(Copyright, American Society of Heatiog and Ventilating Engineers.) 


Pig, 176*— Relation Between Sensible Heat Loss from the Human Body 

and Dry*Bulb Temperature for Still Air** 


* Curve A— Men working. 66,150 ft. -lb. per hour. Curve B — Men working, 33,075 
UAb, per hour. Curve C— Men working, 16.538 ft.-lb. per hour. Curve D— Men seated 
at reit. Curves A and C drawn from data at a dry*bulb temperature of 81.3 F. only, 
and extrapolating the relation between curves B and D. which were drawn from data 
at many temperatures. 


COOLING AND CONDITIONING OF AIR 


. iOOoFP-^t r^-rr-' ; ;-p^‘-r v; — -rrhi- 
w ::: n' 

u- r I L ' i I . ^ I n rr ■ i 


^ 900 
(A 


I ' ' I ' ‘ , I ( ‘ ' 

.» » .wr— — 


IT :!ri;ti:mn 


<o 

S 800 


nmam 

laiMaMiH 



■nunnuaaaamanuaaaaBB^Biuia 


•6000^ 


5000 


i eoc 


aaaaaaa 
pMaaBB 
aiBBaaii 




iriBBBB! 


aBBBBBBaBBBBBBjWBBBMBB^y 

BniK^WMlBBaBBIj 
BBBWjMMiaaBBBBa! 
BBFWb Br.£iBBBBBBB ! 



f, 30' 


3 20 
^ 100 
V 




iilSSSSiS^SaSSSRS^SRSSSUK: 

_auai Bail liiMfl BBBB BBed BBB BB B aa a BBBB : 

|C™SSS5SZMMemM!BSlllliB!!!B8!i; 


Oftr eULO TEMPERATTPE •PAMR. 





Fjg 177 , Latent Heat and Moisture Loss from the Human Body by Evapora 

tion’in Relation to Dry-Bulb Temperature for Still Air Conditions.* 
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Fig. 178. — Heat Loss from the Human Body by Evaporation, Radiation and 
Convection in Relation to Dry«Bulb Temperature for Still Air Conditions.* 

•Curve A— Men working. 66,150 ixAb. per hour. Curve B— Men working, 33,075 
per hour, Curve C— ^fen working, 16,538 ft. -lb. per hour. Curve D — Men seated 
at rest. Curves A and C drawn from data at a dry*bulb temperature of 81J F. only, 
and extrapolating the relation between curves B and D, which were drawn from data 
at many temperatures. 
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tlie relation between sensible heat loss from the human body and dry 
bulb temperature for still air, this sensible heat being made up of 
losses due to radiation and convection. Fig. 177 shows the latent heat 
and moisture loss from the human body by evaporation in relation to 
dry bulb temperature for still air conditions. Fig. 178 shows the heat 
loss from the human body by evaporation, radiation, convection in 
relation to dry-bulb temperature for still air conditions. 

Heat Transmission Through Building Walls, Roof, or Floors.— 
The amount of heat transmitted into conditioned rooms depends upon 
kind, thickness, exposure, etc., of the walls, floors or roof. The general 
procedure for heat transmission calculations was given in Chapter 
VTII, and may be applied to any type of building construction. 

Heat Generated by Lights and Motors. — The heat generated by 
electric lights will be at the rate of 3.415 Btu. per hour per watt. One 
Welsbach gas light will produce 2,1(X) to 3,000 Btu. per hour. One 
fish tail gas light will generate 3,500 to 5,000 Btu. per hour. Electric 
motors driving fans, pumps or other machinery will generate heat at 
the rate of 2,540 Btu. ])er horsepower or 3,415 Btu. per kilowatt, per 
hour. 

Infiltration. — Losses due to infiltration will depend upon a number 
of local conditions. In the case of air cooled and conditioned rooms 
proper allowances must be made for this loss, which depends upon 
the amount of infiltration, outside conditions, inside conditions, num- 
ber of openings and wind velocity. Under usual conditions air infil- 
tration will correspond to one-half to three air changes per hour. 

Sun Effect on Roofs and Skylights.* — The heat transmission 
through roofs and skylights will be increased due to the rays of the 
sun upon them. When the outside temperature is 80® to 95® F. then 
the outside roof temperature will be 135® to 150° F. at midda) in Jul) 
and August. Consequently, an allowance must be made for increased 
temperature difference. If roofs are sprayed with water, the effect of 
sun rays are not sufficient to be considered. 

When the inside temperature is 80° F. protected skylights will 
transmit approximately 100 Btu. per square feet per hour. If white 
shades are provided on the skylights, approximately 60 Btu per square 
feet per hour will be transmitted. \’ertical glass on west walls will 
transmit approximately 30 Btu. per hour per square feet. 

'“Mechanical Equipment of Buildings*' by Harding and Willard; Vol. 1, second edition; page 

246 . 



COOLING AND CONDITIONING OF AIR 


525 


Air Conditioning Applied to Human Comfort. Whore air oimdi- 
tioning, however, is applied to human eomlori* we arc iiUeresletl 
primarily with ihc elTcet ul the ulmo.spheric conditions upon the people. 
They cannot be comforiable with drafts, especially if it happens to 
hit them in the back of the neck or anmnd the legs. Since the purpose 
of “cooling for comfort” is to produce cinnlurt, the method of air dis- 
tribulioti to avoiil sudden changes in temperature and noticeable drafts 
is the lirst problem to be met with that is not found in industrial apjili- 
cations. 

The second problem not found in industrial api)lications is the 
greater quantity of air to be distributetl per square foiil of lloor space 
in thickly occupied auditoriums. The greater the amount of air to 
be introduced, or rather the greater the amount of cooling to be per- 
formed in a given floor space, the greater is the difficulty of intro- 
ducing that air without the introduction of drafts. 

The third and perhaps the greatest <lifficulty which is present in 
cooling for comfort, but not found in industrial applications, is the 
practical neces'ity <<f concealing all duct work and making the outlets 
and method of ilistribution conform with the architectural scheme of 
the building and with the details of its decoration. 

Theaters of all types, many with most expensively dec«»rated ceil- 
ings, including the [larticularly “atmospheric'' type of theaters in 
which the ceiling depicts the sky, all have been handled so as to give 
satisfactory distribution without in the least comprojuising the artistic 

re(iuircmcnts. 

Two principal ty)'e» of distribution ha\e been Umiul satisfaclor\ 
for theaters and other auditoriums. ( )ne is the panel .system in which 
the air is blown directly <lown\\ard on a panel placed slightly below 
the general ceiling level. In large office buildings and banking rooms 
this deflector panel is sometimes incorporated with the lighting fix- 
tures. 

The other type used principally in theaters is known as the ejector 
system. In this the air is blown through a series of nozzles placed on 
the ceiling in the rear of the auditorium and directed toward the stage. 
The success of this. system depends upon the fact that cold air blown 
horizontally into the room near the ceiling carries with it three to four 
limes as much warm air by induction effect. This induction eft'ect is 
what produces the return circulation. The cold air is thoroughly 
diffused and passes backwards in a slight uniformly distributed current 
over the entire lower half of the amlitorium. 

This system, however, has to be used with the greatest care because 
the distance of the blow, the size of the discharge nozzles, their 


* W. i\. Carrier, Ice and Refrigeration, March, P3L 
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spacing, and the velocity used must all be definitely related to secure 
the definite results desired. This relationship has been worked out by 
experimental research, made, first in the laboratory and second in the 
field, so that now the design can be relied upon with confidence in 
almost any situation where such application is permissible. 

Both of these systems are of the type commonly termed overhead 
systems ; that is, air is introduced at or near the ceiling, where the 
cold air is mixed with the \varm air of the room before it is brought 
into contact with the occupants. Such a type of distribution is logical 
and has been found necessary wherever cold air is used for ventilation 
purposes. 

Upward circulation with distribution at the floor line has been 
found an utter failure. This method of distribution for ventilation in 
years past was the favorite one with the ventilating engineer and 
indeed it had become a standardized method of ventilation procedure 
when cold air was introduced at 10 to 15® F. below the room temper- 
ature. 

The general public impression has been, and is even today, that 
air conditioning for comfort amounts to nothing more than cooling 
air by refrigeration. Air in an auditorium that is merely cooled has 
a high degree of saturation and is not only exceedingly uncomfortable, 
but probably unhealthful. People entering from a hot, moist outside 
atmosphere are covered with perspiration and cold damp air serves 
merely to condense this vapor in the clothing, and gives the feeling 
of a cold damp cellar. The purpose of an air conditioning installation 
should be to produce in the auditorium air that is reasonably dry, but 
with not too low a dry bulb temperature. The relative humidity, in 
fact, should be between 45 and 55 per cent with temperature as high 
as 78 or 80® F. in hottest weather, a condition under which a person 
will not feel a shock entering from the outside, yet the perspiration 
will be gradually removed from the body and from clothing. 

Many early attempts at auditorium cooling were made not only 
with an upward system of ventilation, which was wrong, but without 
any regard to the control of the relative humidity. The air was intro- 
duced practically saturated, further moisture was added from the 
bodies of the people. With such applications it is no wonder that 
cooling for comfort, at least in theaters, became almost discredited. 
In industrial applications it either had been found necessary to reduce 
the volume of air supplied or to add heat artificially as through steam 
coils to control the relative humidity. The cost by this method when 
cooling for comfort is prohibitive because of the large amount of 
refrigeration required. 

Today the system used in cooling for comfort in auditoriums, 
department stores and other places of human occupancy is one in 
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which the humidity can be controlled independently of the cooling 
effect so that definite conditions, both of temperature and of humidity, 
are produced in an auditorium whatever the external variations of heat 
or of human occupancy. This is accomplished without varying the 
volume of air circulated and without the addition of any artificial out- 
side source of heat. The air introduced into the auditorium need 
never be below 65® F., thus avoiding cold drafts. This result is ob- 
tained through an invention of L. L. Lewis, in which he provides for 
two streams of air; one which enters the air conditioner from the 
outside, where it is cooled by refrigeration to a relatively low dew 
point ; the other stream is taken directly from the room, preferably 
through dry filters. These two streams of air are then mixed and 
introduced into the room through suitable overhead diffuser outlets. 

The regulation of the cooling effect to varying requirements is 
obtained by varying the proportion of dehumidified air to that of re- 
circulated air by a combination of dampers. The relative humidity is 
controlled by fixing the temperature to which the air passing through 
the conditioner is cooled and saturated. This temperature will always 
be substantially lower than the temperature at which it is permissible 
to introduce air into the room. In general the air passing through 
the air conditioner is cooled from 20 to 25® F. below the room temper- 
ature, thus insuring the-desired relative humidity, while the temper- 
ature at which the air was introduced into the room, therefore the 
cooling effect, was entirely dependent upon the proportion of air re- 
circulated to the air cooled. 

Air conditioning of the smaller space in office buildings presents 
a somewhat different problem. Practically an individual control of 
each office is required in cooling just as required in heating. In addi- 
tion to this, rearrangement of offices may interfere seriously with any 
stereotyped system of distribution. In practically all offices the space 
underneath the window is always available for air distribution as well 
as for heating. A form of cabinet which can either be concealed beneath 
the window or set out slightly from it seems to be the most satisfactory 
solution to this problem. The cold air supply and recirculation can 
be controlled directly at this point, as can also the heating in winter. 
This gives each room an individual control. 

The manufacturers of mechanically cooled household and commer- 
cial refrigerators have entered the cooling field and several types of 
room coolers, designed as general purpose units for all small or 
medium size rooms, such as bedrooms, living rooms and other rooms 
in the home, small offices, directors rooms, restaurants, candy factories, 
beauty and barber shops, dress shops, and a wide variety of other uses 
arc on the market. 
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While these units are not large they are compact and it is claimed 
powerful enough to bring room temperatures down to a point where 
cool comfort is assured even on the hottest day. 

In one of these room coolers warm air is drawn in at the back, 
I'a.ssed ihrougl) a large cooling coil and then forced out into the room. 
Through this process air is co(dcd, dried and circulated at the rate of 
^>00 cu. ft. per min. without annoying drafts and breezes. An adjust- 
able thermostat automatically regulates the room temperature. The 
refrigerant is controlled by a thermostatic expansion valve. These 
room coolers are furnished in two different models. 

.\nolhcr C()m[)any manufacturing household and commercial re- 
frigerating units has put on the market a blower-type room cooler and 
standard condensing unit. It consists of a large area cross-fin coil 
mounted in a metal housing with adjustable air deflectors at the front 
and a special type exhaust fan at the rear; a special expansion valve, 
removable drip pan at the bottom, with connections for carrying away 
condensation, and with four lugs at the rear for mounting. At the 
front of the cooler arc fully adjustable air deflectors which can be set 
at any angle by rotating the deflector rings and also by moving the 
deflectors themselves. 

The fan is equipped w'ith an alternating motor, induction type witli 
no brushes. It is a 6-blade fan, 12 in. in diameter, runs at 1600 r.p.m. 
and has a net air delivery of approximately 525 cu. ft. per min. This 
cooler, it is claimed, consumes but 60 watts per hour. 

Ice Refrigeration in Air Conditioning. — During the last few years, 
ice has been extensively used as a cooling medium in air conditioning 
work. Comfort cooling application requires a cooling medium at a 
temperature of from 45® to 50® F. 

When ice refrigeration is used it takes the place of the complete 
mechanical refrigeration system including compressor, condenser, 
evaporator, etc. The rest of the air conditioning system, including 
the air washer in dry-type cooler, blowers, automatic equipment, etc., 
are required for either type of refrigeration. 

Fig. 179 shows the refrigeration section of an ice system. One 
pump takes the cold water from the chamber under the ice and sup- 
plies the nozzles in the air washer in auditorium. The other pump 
takes the warmed water from the pan of the air washer and returns 
it to the ice melting chamber. Part of this water is sprayed over the 
ice and the rest is by-passed to the chamber beneath the ice. The 
temperature of the water supplied to the air washer is kept constant 
by means of a thermostatically controlled valve supplying the water 
to the sprays over the ice. The entire system can be made automatic 
in operation. 
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Tl\e space required for ice refrigeration is usually much less than 
for mechanical refrigeration and the investment cost is materially 
reduced. 

Ice refrigeration is particularly adaptable when the operating sea- 
son is short, when the peak demand is high, and where the hours of 
daily use are of short duration. 


Rate of Ice Meltage Determines Refrigeration Capacity. — One 
])ound of ice will absorb about 165 Btu., due to its latent heat, and 
also to the resultant water being warmed to a point near the tempera- 
ture of the air in the ice washer. It this takes place in a period of one 

165 

minute it has the refrigeration rate of .825 tons of refrigeration 

200 

in 24 hours. One ton of refrigeration requires melting of ice at rate of 

12000 

= 72.7 lb. ice per hour. If ice is melted at the rate of 2,000 lbs. 

165 


2000 X 165 

per hour, it will have the refrigeration rate of 27.5 tons 

12000 


refrigeration per 24 hours. 

If the 2,000 lbs of ice is melted in 30 minutes the refrigeration rate 
2000 X 165 

will be = 55 tons refrigeration per 24 hours. 

6000 

An air conditioning installation having a maximum requirement of 
55 tons of refrigeration will require the meltage of ice at the rate of 
4,000 lbs. per hour. It will be seen, therefore, that the capacity of ice 
refrigeration is very flexible. Almost any capacity may be obtained 
by accelerating the melting rate. Ice may be used in many types of 
equipment. 

In order to obtain the maximum refrigeration from the ice supply, 
the water from the melting ice is not released from the system until it 
has been warmed to the highest possible temperature by cooling cir- 
culating air. Where a spray type air washer is used an economizer coil 
is frequently placed in the air stream ahead of the washer or in the en- 
tering stream of outside air. A valve controlled by the water level in 
the ice tank bleeds excess meltage off the circulating water line so that 
it runs through the economizer coil and out to the sewer. 

In most ice air conditioning systems cooling of the water is accom- 
plished by circulating the ice water through a coil. Usually the water 
flows through the coil counter-current to the air travel so that the 
water has reached a moderately high temperature at point of discharge 
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from the coil. In most cases of this type an economizer coil may not 
be justified and the excess water from the melting ice is released to the 
sewer bv bleed off line near the main coil discharge. 

Applications— One of the first exlensi\ c applications of ice air con- 
ditioning was in the field of railroad car cooling. Several thousand 
passenger cars and diners were equipped with ice air conditioning sys- 
tems. Later the Association of American Railroads made an extensive 
investigation of all types of air cimditioning systems for passenger 
cars and reported that for cooling seasons up to 5 months in length, 
the ice air conditioning systems had the lowest overall cost. 

The ice systems have their best field in applications involving high 
peaks of refrigeration demand with a lesser number of total hours of 
operation. It is evident, therefore, that the system is especially well 
suited to use in churches and auditoriums. Neighborhood theatres 
which operate principally in the evening hours also find the ice system 
economical. This is also true of restaurants and night clubs where 
operations cover a limited number of hours. 

Combined systems using cooling tower or well water do sensible 
cooling and ice water for dehumidification have proved quite effective 
in territories where the air is relatively dry or where shallow wells will 
provide water at around 60 to 70 degrees. The cooling tower or well 
water is circulated through the first coil in the air conditioner. Then 
ice water circulated through the second coil does the final cooling to 
whatever point is desired. Such systems have proved economical in 
operation. In fact many of them operate with 100 percent outside air 
and yet the cost of operation is not excessive. 
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QUESTIONS ON CHAPTER XVI. 


1. in what industrial applications of refrigeration is air used as a 
I efrigerating medium? Explain exactly how the air produces the 
desired refrigerating effect. 


2. What is meant by the following terms: Dry air, saturated air, 
partially saturated air? 


3. Define the following expressions: Humidity; absolute humid- 
ity; relative humidity; wet bulb and dry bulb temperatures: dew 
point. 


4. Explain the relationship of wet and dry bulb temperatures, rela- 
tive humidities, and dew points of air. 

5. What is the volume of 100 lbs. of dry air at a pressure of 30 lbs. 
per square inch gauge and a temperature of 80*^ F.? 

6. In a raw water ice plant, the air system delivers dry and satu- 
rated air at 30 lbs. per square inch gauge and at 40° F. Find the mois- 
ture content of the air in grains per cubic foot (one pound = 7,000 
grains). What will be the moisture content of the air if it is expanded 
at constant temperature to a pressure of 15 lbs. per square inch gauge? 

7. Air has a pressure of 14.0 lbs. per square inch absolute, and has 
a dry bulb temperature of 85° F., and a wet bulb temperature of 79° F. 
What is the corresponding relative humidity, dew point and moisture 
content? Determine the heat content of the air by two methods of 
calculations. 

8. .Atmospheric air, having a pressure of 14.5 lbs. per square inch 
absolute, a temperature of 90°, a wet bulb temperature of 83°, is to be 
cooled to dry and saturated air at 32°. Determine the refrigeration 
required per lb. of air, if all of the heat for cooling the air is removed 
by the refrigerating system. 

9. Atmospheric air at a dry bulb temperature of 80° and a wet bulb 
temperature of 76°, is to be cooled and conditioned to a temperature of 
60° and a relative humidity of 58°. The air is first cooled to remove 
the proper amount of moisture, after which it is heated to the desired 
temperature. Determine the initial cooling effect, in Btu. per lb. of 
air and the heat required to reheat air to the desired temperature. 

10. Describe the different types of apparatus which are used for 
the cooling and conditioning of air. 
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ERECTION AND TESTING OF APPARATUS. 


Installation of Apparatus.— Having studied the fundamental prin- 
ciples underlying the operation of refrigerating machinery, having 
noted the i)rincipal types and construction of the various parts of the 
mechanical equipment, and having observed a few of the most impor- 
tant industrial applications of refrigeration, it is now opportune to 
give consideration to t)ic installation and operation of the refrigerating 
apparatus. Thus, this Chapter will be devoted to the detailed consid- 
eration of the shipment and handling of equipment, the preparation of 
suitable foundations for the machines, the installation of the various 
piping systems, and the final inspection and testing of all parts of the 

equipment. 

Shop Tests of Apparatus.— In the manufacture of mechanical equip- 
ment such as condensers, receivers, traps, valves, fittings, coils, coolers 
and compressors, the various component parts making up each piece 
of apparatus are carefully machined from the castings or formed from 
other material. The machine work is performed by accurate machines, 
the dimensions, locations, holes, etc., being determined by accurate 
jigs or templets. After the component parts are carefully formed m 
this manner the apparatus is assembled. The work of assembling the 
various parts of the mechanical equipment is generally performed by 
skilled workmen who have spent considerable time on each type of 

work. . , . j 

Since the major portion of the mechanical equipment is designed to 

work under pressure in the refrigerating plant, the greater part of the 

equipment is tested under air pressure in the shops. Thus, receivers, 

traps, valves, fittings, coils, are usually tested under water at high 

pressure to make sure that they are mechanically perfect. In reference 

to the compressors it will be observed that it is a simple matter to test 

these out under air pressure by simply bolting blank flanges to all of 

the connections. The desirability of giving the compressor units a 


533 



534 


PRINCIPLES OF REFRIGERATION 


running test in the shops seems to depend upon the size and type of 
ihe compressor, as well as the manufacturer. In some manufacturing 
slit.ps, the compressors are given a running test. In other shops, only 
liie static air pressure test is applied. The latter course may be due to 
the fact that the various component parts of the compressor are care- 
tully machined and that the units are assembled by skilled workmen 
who have had considerable experience along these lines. 

Shipment of Material. — As soon as the apparatus has been suitably 
tested in the shops, it is properly boxed and crated, after which it is 
placed in a railroad car for shipment. Generally each shipment is ac- 
companied with a detailed material specification, giving the name of 
each piece, the quantity, and the box or crate number. This material 
specification is usually mailed immediately after shipment. After the 
shipment of the material has been received, it is advisable to check the 
material over closely with respect to the material specifications and 
the erection drawings so as to make sure that there is enough material 
to complete the plant. In addition, due to the fact that the shipper’s 
responsibility ceases when the material and apparatus are delivered to 
the carrier, it is necessary to check the shipment before it is unloaded, 
against the bill of lading. By this means when material is lost or 
broken, proper claims for adjustment may be made. In the event that 
the part cannot be found or that it cannot be satisfactorily repaired, 
the erecting engineer should order duplicate parts. 

Location of Plant and Apparatus. — In the erection of a new ice 
making or refrigerating plant, it is evident that detailed considerations 
should be given not only to the general location of the plant but also 
to the location and arrangement of the apparatus in the plant. The 
type of the installation will in general indicate approximately in what 
location the plant should be placed. The plant should be placed in the 
most desirable location available. Ordinarily this proposition is not 
given enough attention, or it is determined by persons who have not 
sufficient knowledge or practical experience to select a desirable loca- 
tion. The most suitable location for the plant should be the one that 
would serve best those who make use of the plant. In addition, con- 
sideration should be given to the facilities for handling the material 
required in the plant, such as fuel and water. The proper location of 
the plant and the efficient arrangement of the parts of the plant are so 
important that the ultimate financial success of the enterprise may be 
determined by these considerations. It is probably beyond the prov- 
ince of the erecting engineer to assist in the selection of a suitable lo- 
cation for the plant. On the other hand, it is often within his power 
to provide an efficient arrangement of the various parts of the me- 
chanical equipment in the plant. In most all cases, the erecting en- 
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giiieer will be supplied with detailed erection drawings showing the 
location and position of all parts of the equipment, but in many cases, 
due to the fact that he is “on the job” and therefore able to visualize 
in a more practical manner the layout of the plant he is sometimes in 
a position to rearrange the apparatus for better results. 

The requirements that should be considered in the location of the 
apparatus are the sanitary conditions in the rooms, lighting, ventila- 
tion, space requirements for inspection and adjustments, the relation 
of auxiliary units to the main units, the safety of the operators, etc. 
Units of apparatus and their auxiliary parts should be located as close 
together as conveniently possible. The various units of the plant 
should be located close together so as to reduce as much as possible 
the length of the connections between the various units. 

Foundations for Machinery.— One of the most important things to 
be considered in the erection of a refrigerating plant is the proper con- 
struction of the foundations for the machinery. It is evident that the 
foundations must have ample size, the right proportions, and be made 
from first-class materials in a workmanlike manner. The principal 
function of the foundation is to support the weight of the machine by 
distributing the pressure due to the weight over sufficient area so that 
the foundation will not settle and that the machine may be rigidly lo- 
cated. To fulfill the foregoing requirement, the foundation must have 
considerable weight and extend a considerable distance below the sur- 
face of the surrounding ground. This is necessary to eliminate the 
effect of the possible freezing and thawing of the ground and vibra- 
tions or loads which may be imposed upon the ground near the foun- 
dation of the machine. The depth of the frost line, of course, will be 
determined by the general location of the plant. In the colder regions 
the frost will extend six feet below the surface. In many cases, the 
local conditions in the plant will affect the design of the foundation. 

The second function of the foundation is to absorb the forces which 
are produced by the rotating and reciprocating parts of the machine 
itself. The forces produced by the reciprocating parts of the machine 
act along the center line of the piston rod, while those produced by the 
rotating parts act radially in all directions from the center of the crank 
of the piston compressors and the like. In general, these forces may 
be said to depend upon the speed of the machine and the weight of the 
parts. These forces will generally cause a perceptible vibration of the 
machine and the foundation, if the foundation does not have sufficient 
weight. In most cases, the frame or bed-plate of the machine has con- 
siderable weight, which helps to absorb the forces due to the moving 
parts, but it is generally advisable to provide a foundation which has 
a weight considerably more than the total weight of the unit. 
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Another function of the foundation is to hold the machine still 
against other unbalanced forces. These unbalanced forces may be pro- 
duced by the pull of the belt in a belt-driven machine, or from other 
sources. In addition to the foregoing requirements, the allowable 
weight per square foot on the soil may have an important bearing on 
the design of the foundation. In case that the foundation rests upon 
solid rock, it is c\ ident that the minimum amount of weight is neces- 
sary. On the other hand, if the foundation is to rest upon marshy or 
soft ground, it is evident that the forces must be spread out over suf- 
ficient area to prevent the settling of the foundation. Various city 
ordinances prescribe the unit load to be allowed upon the soil in their 
localities. The following table, taken principally from Baker’s “Trea- 
tise on Masonry Construction,” shows the supporting power of various 
soils in tons per square foot; 


Rock— granite, etc., in hard compact .strata 200 to .. 

Rock — limcbtonc, equal to best masonry 25 to 30 

Rock — sandstone, equal to best brick masonry 15 to 20 

Rock— broken and well compacted 7to20 

Rock — soft and pliable as shale, equal to poor brick masonry IS to 20 

Hard pan— gravel and sand, well cemented with clay 8 to 10 

Clay — thick beds and dry 4 to 6 

Clay — thick beds and moderately dry 2 to 4 

Clay — soft, wet, confined I to 2 

Gravel— coarse and dry, well compacted and confined 8 to 10 

Sand — dry, compact, well cemented with clay 4 to 6 

Sand — clear and dry, confined in natural beds 2 to 4 

Quicksand — marshy and alluvial soils, etc., confined 0.5 to 1 


When the bearing value of the soil is quite low, it is sometimes 
advantageous to use piling. This is especially true if the unit is quite 
large. At present, wood, steel, and concrete piles.are being used, piles 
constructed of yellow or red pine, oak, birch or beech being used more 
extensively than the others. In the event that piling must be used the 
safe bearing load in pounds for each pile may be determined from the 
following formula (Engineering Neivs): 

2 wh 

L = 

s + 1 

in which L = safe load in lbs. 

w = weight of hammer in lbs. 
h == fall of hammer in ft. 
s = last penetration in in. 

Material for Foundations. — Materials which are commonly used at 
the present for foundations of machinery consist of concrete and 
l)rick, principally. Concrete foundations are coming into extensive 
use in most all parts of the United States, due to the fact that they are 
cheap and durable. Bricks are used in some parts of the country for 
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building fouiulalions where materials lor concrete are expensive. 
When foundations are built from brick, suitable footings constructed 
of concrete or stone should be laid down before the bricks arc placed. 
The materials useil in concrete foundations should, of course, be the 
best of their kind. The stone should be broken into lumps that would 
pass through a two-iiich ring. It should, of course, be clean and dry. 
The sand slumld be what is known as sharp ; that is. it should be coarse 
and gritty. In reference t») the cement, tirst-class Portland cement is 

recommended. 

\ arious proportion.s are used fi>r mixing concrete. A good concrete 
can l)e made by mixing one part of Portland cement, three parts of 
sand and live parts of broken stone or coarse gravel. This mixture is 
known as 1 :.^;5 mixture. Another proportion that is sometimes used 
is 1 :2:4. .\n<<lher mixture that is sometimes used is as follows: One 
part of fresh Portland cement, two parts sharp sand, one part coarse 
gravel, and four parts broken stone. Concrete foundations constructed 
of theVoregoing materials will weigh approximately 150 lbs. per cu. ft. 
At present, the concrete foundations are molded into solid masses. It 
is evident that they must be thorouglily dry before any appreciable 
weight is placed upon them. The time required for drying will depend 
upon the size and layout of the foundation, but generally five to ten 
days will be necessary to allow the foundation to properly dry and set. 

Foundation Templets and Drawings.— Templets arc wooden frames 
which are designed to support the foundation bolts in their proper lo- 
cation during the construction of the foundation. The templets are 
suspended just above the foundation. Holes are provided for inserting 
the foundation bolls. The foundation bolts should be placed so that 
they will be at a suitable height after the foundation is completed. In 
addition to this, suitable forms should be placed about the foundation 
bolts so that a space varyitig from two t(j three inches will surround 
the bolt from the top to within a few inches of the bottom. When these 
forms are removed the space is available for any slight horizontal ad- 
justment which may be required. 

Fig. 181 shows the method of determining how high the bolts 
should extend above the foundation and how a suitable form may be 
built around the bolt. The templets should be rigidly supported and 
in line with the walls of the building. The templet generally has the 
center lines marked upon it; that is, the center line of the crankshaft 
and the center line of the cylinder, when the foundation to be installed 
is for a compressor. The erecting engineer should, in general, depend 
upon the contractor, architect, or supervising engineer to furnish him 
with a line for location of 'the machine. The erecting engineer should 
not be forced to go beyond the limits of the machine room in order to 
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determine the proper location of the machine. After the erecting en- 
gineer has been furnished with a line for determining the location of 
the machine, he may use any of several methods to properly locate the 
templet. One of the most simple methods for a horizontal compressor 
is as follows : 
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Fig. 181. — Foundation Bolt. 


If the erecting engineer is supplied with a line which is parallel to 
the center line of the cylinder, it is an easy matter to lay out the center 
line of the machine parallel to the original line at the proper distance. 
After this, another line is laid out to represent the center line of the 
crankshaft. The line representing the center line of the crankshaft 
and the center line of the machine may be attached to the walls of the 
building, or any other stationary object. They should be as nearly 
horizontal as possible. In order to get the center lines of the shaft and 
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cylinder at right angles, the following method may be pursued, as il 
lustrated by Fig. 182: From the intersection of the two center lines ai 
0 two points at equal distance on the center line of the crankshaft arc 
laid off at points A and B. If the distance OA and OB are made equal 
to six feet, and the distance OC on the center line of the cylinder is 



made equal to eight feet, than the length of AC and BC should both 
be exactly equal and in this case equivalent to ten feet. Probably more 
accurate measurements may be made by using 12, 16 and 20 feet foi 

these distances, instead of 6, 8 and 10. 

After the exact center lines of the crankshaft and cylinder have been 
determined in this manner, they may be transferred in locating the 
templet by means of plumb bobs. As previously indicated, the templet 
after being located in the foregoing manner should be firmly fastened 
1 00 

The machine builder generally supplies a detailed drawing for the 
construction of the foundation. This drawing should show all the 
principal dimensions of the foundation, distances between the center 
line of the flywheels and the center line of the cylinder and the dimen- 
sions for locating exactly all of the foundation bolts. In addition, it 
should show the proper elevation of all points of the foundation, giving 
particular attention to the proper depth of the foundation and the 
amount of space to be allowed for grouting in the machine. 
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Ihc maiuitacturcr should supply, in addition to the foundation 
•hawiii^x, either a templet drawing- showing the exact location of the 
oundation holts m rctercnce to the center line of the crankshaft and 
the eenter hue ot the cylinder, or provide a suitable wood templet 
which would automatically locale the bolts. 

Foundation Bolts.- -The purpose of the foundation bolts is to se- 
curely anchor the machine to the foundation. Thus the foundation 
holts tor small machines are .seldom below ^-in. in diameter, and on 
the larger compressors may have to be made as large as to 2 in. in 
• hameler. They should lie made of medium steel and have a consid- 
ora >lc of threads on both ends. The anchor plate on the lower 

end should be placed in the center of the threads so that some adjust- 
ment is axailable. They should not be made extraordinarily long on 
account of the effect of temperature changes; on the other hand, they 
should l)c made long enough to extend them to the concrete a con- 
sidciable distance so that a considerable weight of concrete will be 
between the anchor plates and the frame of the machine. 

1 he anchor plates on tlie larger sized bolts are generally made of 
cast irtm and arc designed in the manner of column bases. On the 
smallci foundations, the anchor plates may consist of simply a plate 
of metal, usually mild steel. In some cases, it may be necessary to 
place foundation holt.s in solid rock, or in an old foundation. In this 
case it is necessary to drill a hole for the insertion of the foundation 
bolt. The shape of the hole to be drilled for this type of construction, 
together with the design of the foundation bolt, is shown by Fig. 183. 

1 he bolt has the lower end split so that a metallic wedge may be in- 
.sertecl. The method of inserting consists of starting the wedge into 
the split part of the rod before it is put into the hole. After it has been 
in.serted, the rod is driven against the bottom of the hole so that the 
wedge enters into the split part of the rod, thereby expanding it. The 
construction is finished by filling the holes with cement and sand 
mortar. 


Handling of Concrete.— .\fter tlie templet has been properly lo- 
cated and the form constructed for retaining the concrete, the concrete 
material should be properly mixed and put into the form. In the event 
that the foundation is to be constructed of stone, sand and cement, the 
following method of procedure may be used: The proper proportions 
of sand and cement are put into one pile and thoroughly moistened 
with water. Tlie crushed stone is put into another pile and thoroughly 
moistened with water. The sand and cement mortar formed in this 
manner is next shoveled on top of the pile of wet stone. These ma- 
terials are next thoroughly mixed by the use of the shovel. In the 
event that the concrete is to be made from stone, coarse gravel, sand 
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and cement, the sand, gravel and cement should be put into one pile 
and then thonnighlv moistened, after which the broken steme may be 
added and the whole thoroughly mixed. After the concrete has been 
mixed in this manner, it is ready to be placed in the molds. Any suit- 
able means of transporting the concrete and depositing it into the 
molds may be used. The ([uestion that should be ..bserved m filling 
ihe molds is to thoroughly ram the cement into place so as to exclude 
as far as possible all of the air. 

Leveling and Grouting.— As prcvi<.usly indicated, the foundation 
should be so omstructed that there is a space of one-half to one inch 
between the tup of the concrete foundation and the bottom of the ma- 
chine base. This allows space for leveling of the tup of the foundation, 
and at the same time allowing the machine to be properly aligned. 
.\fter the machine has been placeil upon the foundation, it may be 
leveled and elevated to the proper height by driving wedges between 
the frame and the foundation. These wedges may he constructed of 
hard wood or iron. A suitable size is about six inches long, two inches 
wide and one inch thick, ta- 


pered to a point, The machine 
may be properly leveled by 
placing a spirit level on the 
crankshaft in one direction 
and on some other plane sur- 
face in the other direction. 
After the machine has been 
leveled and brought to the 
proper height in this manner, 
the space between the base 
and the foundation should be 
filled with a suitable grouting 
material. This usually con- 
sists of making a mixture of 
one part of clean sand and one 
part of Portland cement, after 
which enough water is added 
so that it will pour easily. The 
grout should fill all of the 
space around the foundation 
bolts between the frame and 
the foundation, and any other 
cavity directly beneath the 
base of the machine. The 
grouting should be allowed 
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Fig. 183. — Expansion Foundation Bolt. 
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lo dry for se\cral hourb, alter which the outside and top part of the 
loundation can be smoothed up. When the grouting has been placed 
36 to 72 hours, the foundation bolts may be tightened up. Cement 
grout for leveling and grouting in machines is used quite extensively 
at present. In some cases, other materials have been used, such as 
iron filings and sal ammoniac, sulphur, type metals, etc. 

Pipe Connections. — After the various units of apparatus have been 
securely fastened upon their foundations, the various piping systems 
may then be completed. The typical refrigerating plant has a mul- 
tiplicity of connections. Thus, there may be ammonia, steam and ex- 
haust, air, brine, and water connections about the plant. It is obvious 
that each type of system must have its share of attention. Probably 
each erecting engineer will have his own individual method of erecting 
the various piping systems. This is not only true of the erection of 
the piping sysetms, but it is also true of the moving of the heavier 
pieces of the apparatus, such as flywheels, bed plates, shafts, etc. In 
addition, it is obvious that each particular plant will present new prob- 
lems to the erecting engineer. Usually the erecting engineer relies on 
liis own ingenuity in devising ways and means of moving the heavy 
jiieccs of machinery, the construction of rigging for heavy lifts, etc. 
lIowe^■er, it may be of interest to note some of the methods that are 
employed to make tight joints in the ammonia piping systems. 

There are four principal means of making tight joints for ammonia 
connections which are used at present. These are the sweated soldered 
joint, the ordinary soldered joint, the litharge joint and the welded 
joint. The sweated soldered joint may be constructed in the following 
manner; The threads and the adjacent surfaces on the pipe and fitting 
should be thoroughly cleaned until they- are bright. After this, the 
pipe and fitting are dipped into a pot of molten solder. This is usually 
composed of one part tin by weight and one part lead by weight. The 
primary purpose of dipping the fitting into the molten solder is to heat 
it. Otherwise, the pipe and fitting may be heated by other means, 
such as blow torches, etc. After the pipe and fitting have been heated, 
some soldering acid and sal ammoniac are put on the threads. The 
soldering acid may be made from muriatic acid which has been neu- 
tralized by the insertion of strips of sheet zinc in sufficient quantities 
to stop the eflfervescence in the acid. After covering the threads with 
the soldering acid the pipe and fitting are again dipped into the solder. 
The purpose of this is to thoroughly tin the threads and the surfaces 
adjacent to the threads. 

The next step is to remove the fitting and pipe from the solder and 
screw the fitting onto the pipe tightly before the fitting cools. This 
makes a very tight joint and is really in the nature of a shrink fit. Par- 
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ticular attention should be given to the lining up of the boll holes. The 
pipe and fitting should then be placed in a vcrtKal postuon and the 

soldering recess filled. . 

The following instructions may be used tor making a litharge joint . 

The threads on the pipe and fitting should be carefully cleaned, using 

gasoline or kerosene to remove the grease, dirt, or any other foreign 

matter which may be present. The litharge pipe cement may be made 

up by using one and a quarter parts litharge and one part glycerin by 

measure Another formula for litharge cement is twelve pounds o 

litharge to one gallon of glycerin. The litharge and glycerin should 

he mixed thoroughly, and only enough made for immediate use. Ihis 

is especially true in warm weather, since the litharge cement hardens 

or sets quickly. The joint is made simply by spreading a thin coating 

of the cement on the threads of both the pipe and the fitting, after whicli 

the fitting mav be screwed onto the pipe tightly. 

A simple soldered joint may be made as follows: The threads on 
the pipe arc oiled, after which the fitting or flange is screwed onto the 
pipe, giving particular attention to the lining up of the bolt holes. Ihe 
fitting and pipe are next heated in order to burn the o>l so that 

the fitting will supply heat for melting the solder. While the pipe 
and fitting are still at a high temperature, some soldering acid and sal 
ammoniac are put into the soldering recess. After this, the threads 
are thoroughly tinned by the used of a stick of solder. The stick of 
solder is applied continuously until the recess of the fitting is entirely 
filled, after which it mav be filled up to a smooth fillet. 

In the making of pipe-joints by any of the foregoing means, it is 
necessary to make sure that the threads are properly cut so that 
they will become gradually tight and will not shoulder at the end o 
the thread when the fitting is screwed onto the pipe. Brigg’s standard 
jiipe thread is used almost exclusively at present in the United States. 
All of the above methods of making pipe joints are in use at present. 
The soldered joint is probably used more extensively than the litharge 
joint It is probably true that when either type of joint is perfectly 
made, the results will be satisfactory. The soldered joint is probably 
more permanent than the litharge joint, while on the other hand it 
may be observed that the litharge joint is more easily changed for 
making repairs or alterations. 

Welding is being used more and more for making pipe connections. 

good welder, when supplied with proper material, can connect the 
pipes quickly, accurately, and strongly, thus eliminating fittings, points 
where leakage may occur, etc. Welded pipe joints are not expensive 
when compared to the cost of fittings and the cutting of pipes and 
threads. 

Welding is now being used extensively in the fabrication of headers. 
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receivers, accumulators, tanks and other pressure vessels, together 
with tanks. Ihuh gas and electric welding arc used; the particular 
one to he use<l depends upon the work to be welded and local con- 
ditions. 

In respect to tools reejuired for the purpose of erection, it is evident 
tliat each erecting engineer will have his own individual kit of tools, 
which will generally include tools for handling pipe up to two inches 
in diameter. The following tools will also be found useful in erecting 
the medium-si/.cd type of refrigerating plant: 

1 portable forge 
1 large soldering pot 

4 to 6 pieces of 2{^-iii. extra heavy pipe about 
4 ft. long, not threaded 
1 pipe tlircadcr to take 2-in. to 4i^-in. pipe 
1 pipe cutler to take 2-in. to 4k3-in. pipe 
1 pipe vise to take as large as 4J^-in. pipe 

1 set of stock and dies 

2 large pipe wrenches to take up to 4J^-in. pipe 
2 large pipe wrenclies to take up to 3-in. pipe 

Inspection and Testing of Apparatus. — After all parts of the me- 
chanical equipment have been thoroughly fastened on their founda- 
tions, and after all of the various pipe connections have been com- 
j)lcled, it is desirable to go over each and every part of the equipment 
to ciicck up the erecting work. All parts of the apparatus should be 
carefully examined before they are put into operation. All rotating 
and reciprocating units should be turned over by hand in order to 
make sure that nothing interferes with the moving parts. The erecting 
engineer should make sure that all the oil pumps, cups and lubricators 
are supplied with oil and that the oiling apparatus is adjusted for 
operation. Particular attention should be given to the kind of oil used. 
( )il which may get into the inside of the compressor through the stuff- 
ing box should be a good grade of ice machine oil. The packing and 
tlic stuffing box and other movable joints should be adjusted for opera- 
tion. The packing of the piston-rod on the ammonia compressor should 
be given special attention, as this may become one of the sources of 
the largest ammonia leak about the plant. A packing especially de- 
signed for the operating conditions of the compressor should be used 
for this work. Metallic packing is being used quite extensively for 
this purpose at present. The machine room, especially, should be put 
into order. Tools, wrenches, oil cans and the like should be put m 
their respective places. This will lessen the danger of these falling 
among the moving parts of the machinery. 

The first important work to be done in the testing of the plant is to 
determine whether or not the various connections are tight. The wa- 
ter, steam, mr or brine piping should be tested first, after which the 
ammonia connections should be tested thoroughly. 
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Testing With Air Pressure.— As previously indicated, in order to 
lest the various connections for tightness, the system should be sub- 
mitted to pressure test with air or carbon dioxide. In both cases care 
must be exercised to keep the pressure in a safe range. Ammonia sys- 
tems may be tested with air but carbon dioxide gas is used for testing 
h'reon or other low pressure svstems. The following method is ad- 
visable for air pressure test: The water valves on the ammonia con- 
denser and the compressor water-jacket on the compressor should be 
opened The compressor should be started operating at about half of 
full-speed if it is possible taking air in on the suction side and dis- 
charging it into the system. The compressor shouUl be operated dur- 
ing short intervals of time, stopping the compressor to allow the com- 
pressed air to cool. This method should be continued until the pres- 
sure shown by the high and low pressure gauges is 150 lbs. When this 
iircssurc has been reached, the main liquid valve at the ammonia re- 
ceiver outlet and the stop valve at the low pressure gauge should be 
closed. The compressor should be again started, and the same method 
of procedure followed until the pressure in the high-pressure system 

is 275 to 300 lbs. per sq. in. gauge. 

During the foregoing procedure, the operator should watch all 

parts of the apparatus carefully. This is especially true of the bear- 
ings They should not be allowed to get any hotter than bearable to 
the hand, or a temperature of about 125° F. The system should be 
allowed to stand under pressure for a period of 12 to 24 hours. Taking 
into consideration the change of the temperature of the air about the 
apparatus, the loss of pressure during this tirpe should not amount to 
more than 5 or 6 lbs. While the pressure is on the system, the system 
should he gone over carefully to discover any leaks. The larger leaks 
may be discovered by listening along the various connections. In order 
to make sure that there arc no small leaks, the various connections 
should be covered with soap-suds, the leakage of air causing the for- 
mation of bubbles. The condenser and ammonia receiver should be 
blown out by opening the receiver drain valve. This allows particles 
of dust, dirt and scale to be blown from the apparatus. 

In a similar manner, the evaporating coils may be blown out by 
pumping high pressure on the high pressure system and then blowing 
the coils out with this high pressure air through the expansion valve 
by disconnecting the refrigerating coils or expansion coils at the ends. 
After the system has been tested with air pressure in this manner, it 
is advisable to inspect the compressor valves to make sure that scale 
and other foreign matter are not lodged in these. After this, the whole 
system can be retested by pumping a pressure of 150 lbs. on the entire 
system. The air pressure may be released by opening the valve on 
the scale trap. 
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Testing Under Vacuum. — It is usually advantageous to test the 
plant under a vacuum. The compressor should be operated to draw 
air from the system and discharge it to the atmosphere until the high 
and low pressure gauges register a fairly high vacuum, 26 to 28 in. of 
mercury. There should be no appreciable rise of the pressure after a 
considerable length of time of ten to eighteen hours. 

Charging Anhydrous Ammonia. — For removing the ammonia from 
a cylinder, the iron valve in one end of each drum is so arranged that 
it has a bent pipe inside the cylinder which reaches nearly to the wall 
of tlie drum. By tilting the cylinder so that the valve end is three or 
four inches lower than the opposite end, and so placing the cylinder 
that this bent pipe faces down, which is indicated by the valve opening 
facing up, and also by the brass tag which will be found on the valve 
end of the cylinder on the upper side, the cylinder is then in proper 
position for withdrawing ammonia. When ammonia is put into the 
cylinder the position of the cylinder should be reversed so that the pipe 
extends and faces upward. These positions are indicated by Figs. 184 
and 185 respectively. 

In charging anhydrous ammonia into the refrigerating system, the 
benefit of the evaporation of the liquid anhydrous which is charged 
may be secured in the evaporator. The pipe connection should prefer- 
ably go from the ammonia drum to a tee in the pipe on the low pressure 
side of the expansion valve as shown by Fig. 184. Permanent connec- 
tion to the system by means of a tee and valve at this point should 
exist on every system unless, as in Fig. 186 showing the receiver, the 
system is provided with a three-way valve for the main liquid valve, 
in which case the proper outlet of this valve may be used for a charg- 
ing connection. It is recommended by some engineers to have a check 
valve in the line from the ammonia drum between the charging valve 
on the system and the valve on the ammonia drum, as indicated by Fig. 
184 This check valve will prevent any return of liquid anhydrous 
ammonia back into the drum due to a partial vacuum being formed 

In charging a new compression system, after it has been properly 
tested for tightness by air pressure, the compressor is started, the sys- 
tem being pumped down to a vacuum ; the compressor is then stopped, 
and the expansion valve on the liquid receiver closed. The anhydrous 
ammonia is slowly admitted through the connection from the am- 
monia drum, which is properly placed and tilted so that the bent 
pipe inside the drum extends to the very lowest part. The water is 
turned into the condenser. The anhydrous ammonia should be ad- 
mitted slowly and as soon as the gauge on the suction side begins to 
show pressure, start up the compressor and run slowly. After the 
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pressure as shown on the suction gauye has reached about 15 lbs., the 
compressor should be speeded up to run at normal speed. The charg- 
ing valve should be opened sufficiently to take in ammonia from the 
drum t.i maintain this pressure. Charging from ammonia drums should 
be continued until sufficient anhydrous ammonia has been obtained in 
the receiver to thoroughly seal the liquid line to the expansi.m valve 
and the receiver is one-half to two-thirds full. 

( 



Fig, 184.— Connections for Charging System. 


All receivers for anhydrous ammonia should be equipped with 
gauge glasses to indicate the level of ammonia contained in them. Such 
gauge glasses are made with automatic ball valves so that if the glass 
is broken the ball immediately closes the valve and no ammonia can 
escape. Without such a gauge glass on the receiver it is more difficult 
to operate the refrigerating system and more skill and experience is 
required to tell when a proper amount of ammonia is in the system or 
whether ammonia is running low and the ammonia going to the ex- 
pansion valve is all liquid or part gas. 

The pressure of the ammonia in the drum will generally force the 
liquid ammonia out through the bent pipe and charging connections 
into the suction side of the refrigerating system. However, it should 
be observed that the pressure in the drum will correspond to the tem- 
perature of the saturated ammonia when the drum valve is being used 
as an expansion valve. The pressures corresponding to the saturated 
temperatures of ammonia are shown by the following table : 
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Tciiii)cratures ot 
ammonia, deg. F. 
0 

20 

40 

60 

80 


Corrtspondiiig pressure 
lbs. per sq. in. gauge 

15.7 

33.5 

58.6 
92.9 
138.3 


100 


197.2 


The foregoing table shows that the temperature of the ammonia in 
tlie drum should be taken into consideration when attempting to 
charge liquid into the system. For example, if the drum is taken in 
from the outside on a cold winter day when the temperature of the 
licjuid ammonia in the drum may be 0® F., it will be difficult to charge 



Fig. 185. Connections for Removing Refrigerant from System. 


ammonia into a refrigerating system having a pressure on the low 
pressure side of 20 lbs. per sq. in. gauge. In this case, it would be nec- 
essary to reduce the pressure on the low pressure side, or wait until 
the pressure of the ammonia has raised due to the increase of tem- 
perature. 

When the last of the liquid passes out of the drum, the operator 
listening for an indication of this will notice the beginning of a hissing 
or whistling sound in the liquid pipe. The valve should then be closed. 
Some engineers wait until frost appears on the lower end of the drum 
and then will close the valve. Others wait until this frost which ap- 
pears has melted, which will indicate that all the liquid ammonia has 
passed out of the cylinder. When the drum is warm this is a fairly 
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(Icpcndalilc si^n. The sound ct the cylinder caused by tapping it is 
also an indication when the cylinder becomes empty. Not infrequently, 
evlinders are shipped back to the manufacturers containing consider- 
able liquid ammonia. Ammonia cylinders should be weigdicd bn the 
>calcs after disconnecting, and the weight compared with the tare 
wei‘du which is stamped on the brass tag attached to the drum. Should 
scales for weighing the drums not be available, the drums should be 
tested to see if any ammonia remains after being disconnected, as fol- 
lows- Place the evlinder practicallv in the same position as it occupied 
when connectcd.'and slightly “crack- the valve. If any liquid am- 
monia remains in the cylinder it will then be forced out by the pressure 
of vapi>ri/.ing ammonia. This will show' the cylinder is not empty, in 
which event it can lie reconnected and entirely emptied. If only gas 
comes out of the evlinder in this position, the cylinder can be assumed 
to contain no liquid and it will not be necessary to reconnect it. 


Amount of Ammonia.— Ordinarily about 25 or 30 11)S. of anhydrous 
ammonia per ton of refrigerating capacity is considered the proper 
charge for a plant. Ice making tanks operating on the dry c.spansion 
system will require approximately 50 lbs. per ton of ice. Brine cooler 
ice tanks will require approximately 70 lbs. per ton of ice. This may 
vary somewhat, according to the type of plant. With considerable 
direct-expansion piping tor eld storage and business houses and the 
like 1'3-lb to 1/5'lb. of ammonia per Hn. ft. of 2-iii. direct-expansion 
piping, or i,5-lb. to 1/7-lb. per lin. ft. of l>^-in. piping are the quan- 
titles often used in figuring the proper amount of ammonia for the 
svstem. With a flooded system, more ammonia than this is, of course, 


required. . . , . i 

Anhydrous ammonia is very hard to retain in the system, and 

th-ough a very small leak in the course of time a considerable amount 

may escape. With a deficiency in the charge of ammonia, a plant will 

not operate properly. If after a period of operation the condenser runs 

excessively hot, and very little liquid comes down to the rcceiyer, pipe 

lines will not frost well and the machine does not perform its w’ork 

properly, this is an indication that the ammonia charge is low. Often 

the ammonia in the receiver gets below the end of the outlet pipe to 

the expansion valve. When this occurs, hot gas from the condenser, 

as well as liquid ammonia, passes along to the expansion valve. This 

condition can only be remedied and the useless work thus being done 

eliminated by charging more ammonia into the system. When there 

are no gauge glasses on the receiver to indicate when the liquid level 

is lower than the outlet pipe, this may be detected by listening to the 

sound of flowing liquid in the main liquid line to the expansion valve. 

When any gas is flowing along with the liquid, a whistling or hissing 
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sound will be made. This mav also be heard at the receiver. When 
this liquid pipe is not sealed and considerable hot gas flows through 
from the condenser, the gauge pressures will also not be normal, the 
condensing pressure being lower and the low pressure being greater. 

In replenishing the ammonia charge of a compression plant, the 
connections of the shipping drum to the system should be made as 
previously described, and indicated in Figs. 184 and 186. The location 
of the ammonia drum should be the same, and the method of charging 
previously described be followed out, except that it is not necessary 
to pump the system down to a vacuum. 



It is an easy matter to overcharge a plant, and when overcharged 
it is difficult to operate the plant satisfactorily. The temperatures and 
pressures cannot be controlled as well as when the plant contains a 
normal charge. There is also danger of explosion when the plant is 
overcharged, particularly if it becomes necessary to pump out any part 
of the apparatus and store the ammonia in another part, as in the case 
of storing all the ammonia in the condenser and receiver. When this 
is done, as it is often in winter time when the plant is closed down for 
repairing and overhauling, the valve between the condenser and re- 
ceiver should not be closed since any change in temperature would 
cause expansion and create a pressure in the part where the ammonia 
was enclosed. Always charge a plant in small quantities until the 
plant operates normally. 
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As long as irost appears on ihe suction connections up to a point 
near the compressor, there is sufficient ammonia in the system when 
the plant is operating under the usual working conditions. Under this 
condition, there should be considerable liquid ammonia in the receiver. 
If the ammonia is low in the liquid receiver and the frost does not 
come back on the suction connections as it should, this is generally an 
indication of a lack of amnnmia. 

After the ammonia svstem has been charged in this manner, the 
various connections, joints, etc., should be tested for ammonia leaks. 

Ammonia Leaks.— Ammonia leaks in the atmosphere are first de- 
tected by the odor of ammonia, and then may be locate<l by so-called 
lest paper which, upon being moistened and coming in contact with 
ammonia fumes turns to a pink color; or they may be located by burn- 
ing sulphur sticks, the gas from which coming in contact with escaping 
ammonia will produce a white cloud or smoke. Leaks in brine tanks 
or into condensing water are not so easily detected. The presence of 
ammonia in brine or water may be detected by the same test paper 
which, when moistened, will detect leaks in the air. Ammonia in water 
or brine may also be delected by Kessler’s solution. 

Phenolphthalein Paper.— The customary and most convenient test 
for leaks of ammonia is the moistened phenolphthalein paper, which 
turns pink. Phenolphthalein is a crystalline white substance which 
alkalies turn red or pink, but which acids will again decolorize. This 
is the paper which is commonly suppliol by ammonia manufacturers. 

It can be made in the following manner : 

Dissolve one gram (15^ grains) of phenolphthalein in one litre of 
weak alcohol. Then immerse in this strips of unsized paper, and hang 
up to dry, after which it is ready for use. Soft chemical filter paper is 

a good paper to use for this purpose. 

This test paper which turns red has been sometimes erroneously 
called litmus paper. Litmus paper, however, in its neutral state has a 
faint blue or lavender color, and when exposed in a moist slate to am- 
monia or other alkalies turns blue and will turn red when exposed to 
an acid. Litmus paper is perhaps not as good for detecting ammonia 
leaks as phenolphthalein paper, since it requires more practice to tell 
the neutral color of litmus. The slightest colorating of pink in phenol- 
phthalein paper indicates the presence of ammonia. 

Sulphur Sticks. — Sulphur sticks may be pre])ared in the following 
manner : Take two or three ounces of pulverized or lump sulphur, pow- 
dered up, and heat in a tin cup over a candle or gas jet until the sulphur 
becomes liquid. Then dip some pine splints, about 1 ft. long and 
square into this sulphur and allow the sulphur to harden. Care should 
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be observ ed lhal the sulphur is not set on fire by the high temperature 
of t!ie flame. 

One of these sulphur sticks may be lighted with a match or from 
the flame of a candle and passed slowly around the ammonia pipe 
wliere it is suspected a leak exists. The fumes of the sulphur uniting 
with the ammonia will produce a heavy while smoke, which will in- 
ilicatc the location of the leak. 


Nessler’s Solution. —Nessler’s soliiti<»n is a more sensitive indicator 
«il traces of ammonia in solution than is the phenolphthalein paper. 
'I'his solution is used by adding a few drops of it to water or salt l)rine 
which is to be tested. If an) ammonia is ])resent in the water or salt 
brine, a yellow coloration of the liquid will lake place, which turns to 
a ftdl brown when a (piantity of ammonia is present. The degree of 
coloration is an index as to the ai)proximatc amount of ammonia pres- 
ent. When this reagent is to be used to detect ammonia in calcium 
chloride brine the brine must be treated as follows: Dilute one ounce 
Ilf the calcium brine with four ounces of water and add a sufficient 
([uantity tif conceiUraled solution of pure sodium carbonate to precipi- 
tate all the calcium in solution. Then filter and add to the solution a 


few drops of Ncsslcr’s reagent. If the solution turns brown, ammonia 
was present in the original calcium chloride brine. 

Nessler’s solution may be made in the following manner: Four and 
a half <lrams (apothecaries’) mercuric chloride are dissolved in 10 fluid 
ounces of water and 1 ounce and 1 dram of potassium iodide are dis- 
solved in 354 fluid ounces of water; add the former to the latter until 
a slight permanent precipitate is produced. Next dissolve 3 ounces 
and 7 drams of potassium hydrate (caustic potash), in 7 fluid ounces 
of water, let it cool and add same to the foregoing solution, and then 
dilute the whole with distilled water until it makes one quart. 

The metric formula for making Nessler’s solution is as follows. 
Dissolve 17 grams of mercuric chloride in about 300 c.c. of distilled 
water; dissolve 35 grams of potassium iodide in 1(X) c.c. of water; add 
the former solution to the latter, with constant stirring, until a slight 
permanent red precipitate is produced. Next dissolve 120 grams of 
potassium hydrate in about 2(X) c.c. of water; allow the solution to 
cool ; add it to the above solution, and make up with water to one litre , 
then add mercuric chloride solution until a permanent precipitate again 
forms ; allow to stand until settled, and decant off the clear solution for 
use ; keep it in glass stoppered blue bottles and set away in a dark place 
to keep it from decomposing. 


Miscellaneous Operations. — If it is desired to pump the ammonia 
out of any part of the low pressure system, this may be done by pro- 
ceeding as follows : The compressor should be operating as usual and 
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if the entire low pressure side is to be pumped out the main liquid valve 
on the outlet of the receiver should be closed. The operation should 
be continued until the low pressure gauge registers about zero pounds. 
At this time the compressor should he stopped and after waiting about 
one hour the compressor should be started again and continued in op- 
eration until the vacuum is increased to about 25 in. of mercury. 

If individual parts of the low pressure side are to be pumped out, 
it is necessary to close all of the valves on these parts except the ones 
which are to be pumped out. The expansion valve to this part should 
be closed and the operation continued as above indicated. If it is de- 
sired to pump the ammonia out of any section of the ammonia con- 
denser, the machine should be operated as usual, closing the gas inlet 
and the liquid outlet valve on the section of the condenser to be pumped 
out. and opening the pump-out valve on this section. 

In pumping out in this manner the operating engineer will have to 
use his judgment as to the extent of the removal of ammonia. This in 
general is indicated by the frost on the pumpout line and if possible it 
is desirable, after first reducing the pressure to a vacuum, to stop the 
pumping out process for one or two hours to allow the liquid in the 
condenser to evaporate. After this, the above process should be re- 
peated. pumping down the section to the desired vacuum. Of course, 
the water should be drained from the condenser in order to prevent 

freezing. 

Purging of Ammonia Condensers.— The presence of non-condens- 
able gases in the condenser accounts for the unusually high pressure 
in most cases. Ordinarily, the pressure of the ammonia will be such 
that the temperature of the ammonia in the liquefying portion will be 
5® to 10° F. above the temperature of the water leaving the condenser. 
The temperature of the water off the condenser may be determined, 
and by adding 5° to 10® F. to this, the temperature of the saturated 
ammonia may be obtained. Then by reference to a table of the prop- 
erties of saturated ammonia the corresponding pressure may be ascer- 
tained. The operator can then compare this with the actual work 
pressure and note the difference. The condenser pressure that should 
be obtained under ordinary conditions while the plant is in operation 
is shown by the following table with various initial temperatures of 
the condenser water; 


Initial temp, of condenser 
water, deg. F. 

50 

60 

70 

80 

90 


Condenser gauge pressure 
lbs. per sq. in. 

120 

140 

160 

180 

200 
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The pressures indicated in this table are considered good prac- 
tice. If the pressures are materiall)' above those indicated in the fore- 
jioing table for the various initial temperatures of condenser water, 
ilie operator should suspect the presence of non-condensable gases in 
the condenser and should proceed to remove them. 

It is sometimes advantageous to note the reading of the high pres- 
sure gauge when the machine is stopped and the water is flowing over 
the condenser at full force. These pressures are shown by the follow- 
ing table when the non-condensable gases are present in small quan- 
tities only : 


Temp, of air and water 
over condenser 
SO 
60 
70 
80 
90 
100 


Condenser pressure lbs. 
per sq. in. gauge 
74.5 

92.9 

114.1 
138.3 

165.9 

197.2 


The foregoing table shows the pressures which correspond to the 
saturated temperatures when the ammonia is pure. It is evident that 
any non-condensable gas will increase the total pressure in proportion 
to the partial pressure of the non-condensable gas. 

Thus if the pressures registered by the high pressure gauge are 
considerably higher than those shown by the table it is an indication 
of the presence of non-condensable gases and that the condenser 
should be purged. 

The purging that is required varies considerably with the type and 
size of plant. In some plants it may be necessary to purge the con- 
denser weekly while others would need to be purged only every month 
nr so. It is apparent that an excessive amount of purging causes a 
waste of ammonia and should be resorted to only when the pressures 
demand it. In order to remove the non-condensable gases the coils 
should be allowed to become as nearly full as possible with liquid and 
then should be cut out of service by the rnanipulation of the propei 
valves. 

The condensing water should be allowed to flow for two to five 
hours over the sections to be purged to allow the ammonia to condense 
and the gases to separate from the liquid ammonia as much as possible. 
The purge valve on each section or at the top of the condenser should 
be connected to a pail or barrel of water if it is desirable to eliminate 
the disagreeable odor of ammonia. The purge valve should then e 
opened only slightly. As long as the permanent gases are passing into 
the water it will simply bubble. But as soon as ammonia comes into 
the water the familiar cracking sound is produced which is similar to 
the sound of steam being introduced into water and the purge ^a \ e 


ERECTION AND TESTING OF APPARATUS 


555 


should be closed immeduUel> . Alter ;in inler\;il of a lew muiules the 
process should be repeated. L’sually a lew purjiinKs in this manner 
will remove all of the non-condensable gases fn-m the condenser. 


Withdrawing Ammonia. — Aniinonia should not be willulrawn from 
a plant and placed in shipping drums without weighing tlie quantity 
of ammonia placed in each drum. The danger due t.. overlilling of 
these drums is very great. The maximum weight which should be 
charged into a given sized cylinder is shown in the following table; 


Maximum weight 
ISO 
100 
50 
40 
25 


Siic of drums 

12 ill. ill diameter by 7 U. 0 in. long 

10 in. in diameter by 7 ft. 0 in. tong 

10 in. in diameter by 3 ft. 10 in. long 

10 in. in diameter by 3 ft. 6 in. long 

10 in. in diameter by 2 ft. 4 in. long 


The empty cylinders should be placed on scales in a horizontal po- 
sition with the valve stem pointing downward, or so placed that the 
bent pipe inside of the cylinder extends to the top. thus permitting the 
cylinder to be nearly filled. The cylinder should be connected with a 
tee, one line from which goes to the receiver and the other side of the 
tee’ is connected to the suction side of the machine. There should be 
a valve in both lines. Upon opening the valve from the receiver a 
small quantity of liquid ammonia will run into the cylinder, and then 
if this valve is closed and the valve to the suction line opened, the am- 
monia which ran into the drum will evaporate, carrying off air to the 
suction line and reducing the temperature in the drum. Upon closing 
the valve to the suction line and again opening the receiver valve liquid 
ammonia will run freely into the shipping cylinder. The scale beam 
will show when a safe quantity of liquid has been drawn into the drum. 
In case it is not convenient to connect one side of the tec to the suction 
side, this end of the tee may have a valve attached so that the ammonia 
which otherwise would go to the suction side of the machine may be 
allowed to escape. This is only a small quantity of ammonia and will 
represent but a slight loss. The proper connections and positions of 
the shipping drum are shown in Fig. 185. 

Minor Operations.— Several other points about the plant need to 
receive attention during the period that the apparatus is first put into 
operation. It is evident that some of the oil which gets into the com- 
pressor through the piston rod stuffing box will be vaporized and 
therefore pass over into the oil interceptor and condenser. The func- 
tion of the oil interceptor is to intercept as much as possible the oil as 
it comes from the compressor. Thus the oil interceptor should be 
drained at suitable intervals. In a similar manner the suction strainer 
should receive attention. This is especially true of the first few <lays 
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of operation of the plant. Scale or other foreign matter may collect to 
a considerable amount at this point. If the strainer is not cleaned, it 
may become clogged, under which condition the pressure in the am- 
monia compressor may be considerably lower than the pressure in the 
suction main. The detrimental effects of this condition are apparent. 
I he stop \ alves on the pressure ^auge line should also be given atten- 
tion. These should be so regulated that the movement of the hands 
on the gauges will not be less than at the end of the pointer and 
not more than ^-in. These valves should be opened wide every morn- 
ing while the compressor is in operation for a few seconds after which 
they should be nearly closed. By this means the operator may make 
sure that the gauges are indicating the proper pressures. 


QUESTIONS ON CHAPTERS XVII. 

1. What are some genera! factors to be considered in selecting a 
suitable location of the refrigerating plant, and in the arranging of the 
apparatus in it? 

2. Describe the method of making foundations for refrigerating 
machines. 

3. Describe the general methods employed in lining up foundations, 
templets, and machinery. 

4. Describe three methods of making pipe connections for am- 
monia work. 

5. What things should be done in installing refrigerating equip- 
ment before the machinery is started? 

6. Describe the precautions to he taken when the equipment is 
being tested under air pressure. 

7. Describe the various methods of charging ammonia into the 
refrigerating system. 

8. Describe the method for detecting the presence of ammonia m 
air. 

9. How is the presence of ammonia detected in liquids such as wa- 
ter and brine? 

10. When and how should ammonia condensers be purged? 
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OPERATION AND CARE OF APPARATUS.- 


Operation of Mechanical Equipment. — In the operation of the me- 
chanical cHpiipment for a refrigerating or ice making plant the operat- 
ing engineer should remember that it is his primary duty to get a 
certain desired result with a given apparatus. He should further re- 
member that his duty is not only the accomplishment of a desired re- 
sult, but that he should produce the maximum of result with the mini- 
mum amount of expense. 

The various parts of the apparatus must be kept in such a condition 
that they will function properly, not only within themselves, but in 
union with other parts of the mechanical equipment. The prime mover 
for a refrigerating machine must be kept in such condition that it will 
operate the machine at the desired speed. The condensing surfaces of 
the condensers must be kept in such condition that the condenser pres- 
sure will not become too high. The temperature of the refrigerant 
must be maintained at such a point as to produce the desired tem- 
perature in the ice making tank or the cold storage room, and, as pre- 
viously indicated, it should be remembered that the suction pressure 
should not be carried lower than is necessary for the results desired. 

From this it will be observed that the operating engineer is not 
only charged with the daily mechanical manipulation of the equip- 
ment, but it is also his duty to keep the equipment in as nearly perfect 
mechanical condition as possible. To do this the engineer must in- 
spect the apparatus daily and overhaul and repair it so that it is always 
in a* serviceable condition. 

Importance of Overhauling and Repairing. — The maintaining of all 
parts of the apparatus in a serviceable condition is a consideration of 
great economic importance in the life of apparatus. It not only length- 
ens the useful life, but also allow's the plant to produce the required 
w'ork in the most efficient manner. 

* Considerable matter in tbis chapter has appeared ia let and Refrigeration and Potoer at various 
times, and permission has been granted for its re-use here. 
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Tlic existence of such ;i condition is mutually beneficial to the 
engineer and the plant i>\vner. If the plant is operated in an efficient 
manner tlic owner will be able to make a reasonable profit on his 
investment in the plant. On the other hand the operating engineer 
will be benefited in a number of ways. He will be compensated in a 
tinancial manner in proportion to the magnitude of the profits which 
he is able to help make for his employer. .^Iso he will receive the 
recognition and prestige of an expert operating engineer. 

burthermore. the im])ortance of the proper overhauling and repair- 
ing or the need of renovation of the plant in general, may be more fully 
a]>prcciated when one considers the great losses that might occur due 
to stoppage of the refrigeration plant. The large cold storage ware- 
house may be considered as an example. These warehouses are filled 
mostly with perishable food products. It is easy to imagine the loss 
that w’ould occur should the refrigeration service fail, due to a break- 
down on account of inadequate repairs. It is obvious that all parts of 
the i>lant must be kept in good repair in order to maintain a depend- 
able and reliable refrigeration service. 

Depreciation of the Apparatus. — Depreciation is the loss of value. 
This may be caused by the loss of the useful life of the plant unit or 
its parts ; or it may be caused by the invention or the design of a more 
efficient apparatus; also, it may be brought about by the apparatus 
becoming too small for the economical operation of the plant; and it 
may be occasioned by a drop of prices of apparatus. From the above 
it is evident that depreciation may be classified under two general 
heads; they are natural depreciation and functional depreciation. 

Natural Depreciation. — Natural depreciation is loss of value due to 
physical and chemical changes in the apparatus. Rusting of ice cans 
and condenser coils is an example of chemical action; electrolysis of 
the metals of the brine circulating system is an example of chemical 
and electrical action ; abrasion or wear is an example of physical or 
mechanical action ; rotting of wood and insulation is an example of 
chemical action. Loss of value due to accident may aUso be considered 
natural depreciation. 

By making adequate repairs of all defects as soon as conveniently 
possible the engineer is able to retard the natural depreciation. Deteri- 
oration of the apparatus is hastened if it is kept in service without 
repairing the defects. This is true of all equipment, such as compres- 
sors, condensers, coils, insulation. Unless the defects are repaired 
they will increase and may lead to expensive repairs, renewals, or 
even the loss of property and human life.* 

Functional Depreciation. — Functional depreciation is the loss of 
\ alue due to obsolescence, inadequacy, or drop of prices. Obsolescence 
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is brought about by improvements in the construction and design of 
apparatus. Inadequacy arises from increased demands upon the plant 
apparatus until the plant units are too small for economical operation 
under the increased load. Drop in prices is caused by anything that 
increases the supply relative to the demand. It is evident that these 
factors arc not within the immediate province of the operating engi- 
neer. However, it is obvious that he may retard the rapid natural 
depreciation of the apparatus. 

In the ultimate analysis it will be noted that considerations ot 
depreciation of apparatus lead to the question of determining when it 
is desirable to retire or scrap the old apiiaratus. It is evident that there 
will be a time when the apparatus may he considered worn out and 
out of date. 

Renewal of Apparatus.— It is a very unsuccessful policy to try to 
repair the worn apparatus or parts thereof too often. Generally the 
total cost in the end will be more than that of a new apparatus or 
part thereof. There should be no hesitancy about the purchase of new 
apparatus to take the place of the worn-out and out-of-date equipment. 
Generally the management adopts the policy of limiting the funds for 
repairs and renewals. It should be entirely obvious that this course 
of procedure leads only to inefficiency. The operating engineer should 
call to the attention of the management the amount of apparatus and 
machinery which is necessary for all the improvement and indicate 
to the management thoroughly that the improvements are essential 

to successful operation of the plant. 

Hence, the proposition of the renewal of the apparatus is a con- 
sideration having great economic importance. The success of a busi- 
ness enterprise often depends upon the judgment used in scrapping 
the older apparatus to make way for the newer apparatus. Generally 
speaking, -it may be stated that it is profitable to retire the old apparatus 
when the yearly profit can be increased by installing the more econom- 
ical apparatus. In determining the yearly cost of operation the natural 
depreciation should be classed with repairs, while the functional depre- 
ciation should be offset by an annuity for replacement of the apparatus 
at the expiration of its useful life. 

the desirability of retiring the old apparatus or plant may be 
determined by noting the total annual costs of operation of the old 
and the new or proposed apparatus. The annual cost of operation of 
the new apparatus is made up of such items as follows : Operating 
expense, repairs and taxes, functional depreciation and interest on the 
investment. The annual cost of operation of the old unit at the time 
of renewal would be made up of the following: Operating expense. 
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repairs and taxes and the interest on the salvage value ot the equip- 
ment. Knowing the annual cost, the annual profit may be found by 
subtracting the annual cost from the annual income. 

Thus, the que.'Jtion of renewals of apparatus, machinery, etc., re- 
soh es itself into a cotisideration of the dollars and cents of profit or 
loss at the end of the year. 


Routine of Overhauling. — Tn order to live up to the standards of 
his profession the operating engineer should be systematic and accurate 
in his overhauling and repairing work. During that part of the year 
previous to the overhauling season he should note in a systematic 
manner such things as repairs which are necessary, general improve- 
ments, desirability of retiring old apparatus and new installations of 
machinery. The daily engine room log will enable him to study the 
efiiciency of the plant during the year. Hence, at the beginning of 
the overhauling season, he will have a definite and systematic plan of 
action. 

The engineer should begin his work of overhauling tlie plant by 
repairing all defects in the apparatus and machinery; he should te.st 
and inspect all parts of the plant thoroughly; he should then clean 
and paint all parts of the plant that require cleaning and painting. 
Hence, by much care and attention, the engineer may put his plant 
into perfect adjustment and maintain the apparatus and machinery in 
first-class mechanical condition. 

In order to proceed with the work of overhauling and repairing the 
various parts of the refrigeration apparatus in an efficient manner the 
engineer should outline the actual work in a detailed manner, so that 
everything receives attention and that nothing is overlooked. Some 
of the parts requiring attention are shown by the following outline: 


1. Suction and discharge valves, cylinder walls, piston-rings, stuff- 

ing-box and packing, piston-rod, bearings, joints. 

2 Oil Intcrcepiors.— Drain valve interior surface, joints. 

.V ConrfcHJcrj.— Valves, fittings, joints, outside of pipes, inside of pipes. 

4 Rcccirm.— Valves, glass gauges, drain valve. 

5. . 4 Hinioin'o CoMHCf/ioiw.— Valves, joints, supports, insulation, paint. 

6. Direct Expansion Piping and Brine Piping.— Vaives, joints, pipes, fittings, in- 
side of pipes, outside of pipes. . . j ■ i 

7. Brine Coolers.— VaWes, joints, fittings, gauge columns, inside, outside, insula- 


8. Brine Circulation S.vs/cwi.— Pump bearings, valves and stuffing boxes, valves. 

fittings, joints, connections, insulation. .... , t. • 

9. Ice Frecsing ToH/ts.— Woodwork, steelwork, insulation, cans, agitators, hoisting 

equipment, thawing and dumping equipment. . • . , i 

10. Raw Water Equipment.— Sohentrs, filters, storage tanks, air blowers and 

compressors, valves, fittings and connections. . a * 

11. Distilled Water ripparaf us.— Separators, steam condenser, reboiler, Hat cooler, 

filter, storage tanks, connections, valves, fittings. 

12. /fHimoHto.— Quantity and purity. 

13. 5nj!^— Quantity and purity. 
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With due consideration to the foregoing facts, it is apparent that 
the overhauling and repairing the parts of the refrigeration plant in 
a proper manner requires considerable thought and work. 1 herefore, 
the operating engineer should begin this work early in the overhauling 
season, so that he may finish his work in a satisfactory manner. 

Overhauling the Compressor.— Since the compressor is probably 
the most important part of the compression system, considerations of 
the careful inspection and thorough examinatnm of same will be given 
attention first. Also, since the compressor contains a majority of the 
reciprocating parts, defects are liable to occur sooner in the compressor 
than in the other parts of the system. The action of the valves 
packing, piston-rod, crosshead. connecting rod and crankshaft should 
be observed closely while the machine is in oiicration, so that any 
irregularities may be noted. Indicating the compressor will help very 
much in ascertaining the operation of the valves and piston-rings. 

After having observed carefully the functioning of these parts the 

comjircssor may be shut down for overhauling. 

In the main the work of overhauling the compressor consists of 
examining thoroughly and putting into serviceable condition each and 
cverv part which may be subjected to wear. To do this in a proper 
manner the machine must be taken apart. This facilitates the inspec- 
tion and examination. 

Valves.— The suction and discharge valves are important parts in 
the efficient operation of the compressor. The valves should be taken 
apart and examined closely. Generally they should be ground to a 
perfect seat and the springs should be adjusted for the quiet operation 
of the valves. If the seat between the valve cage and the cylinder 
head is not perfect this also should be ground to a perfect seat. 

Packing, Piston-Rod and Piston.— The packing, piston-rod and 
piston should be removed and subjected to careful inspection. The 
piston-rings should receive especial attention. If these are only slight- 
ly worn they may be peen-hammered to force them out against the 

cylinder walls. , 

If the rings are worn considerably and are loose in the grooves, 

or show any other defects, they should be replaced by new rings. The 
cylinder walls should be examined closely. If the surface has a high 
metallic polish this is an indication that the cylinder is properly lubri- 
cated and that the piston-rings are in good condition. If the surface 
has a dull appearance with traces of wear or abrasion the cause of 
this condition should be removed at once. Likewise, should the cyl- 
inder be out-of-round, it should be rebored and refinished. 

In a like manner the piston-rod should be examined for wear and 
shoulders. In the event that the rod is worn it should be replaced or 
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a nou set oi ^^ood fibrous packing should be installed. In the event 
that the rod is out of line, due to the wear of the piston on the cylinder, 
it may be advisable to pack the rod with eccentric fibrous packing rings 
in order to compensate for the misalignment. If the rod is true and is 
• well aligned a good metallic packing may be used. In the event that 
the rod is worn only slightly it may be turned down and refinished. A 
new set of packing to fit the rod should then be installed. However, 
it is e\'ident that the operating engineer is responsible for the daily 
performance of the packing and rod, and it is his duty to give these 
imporiani parts of the compressor their proper care, adjustment and 
lubrication. 

Bearings. — I he bearings between the frame and the^ crosshead 
''hould be e.xamined. The cros.shead shoes may need rebabbitting. 

1 lie shoes should be adjusted to compensate for the wear on the frame 
and siloes. 

The crankshaft main hearings and the crankpin and crosshead 
bearings shou'd he insiiected. In the event that these are worn con- 
siderably they should be rehabbitted. If they are only slightly worn 
tlicy should be made smooth and the oil grooves should be cut out in 
the proper manner. 

Keys and wedges should be replaced or put in such a condition so 
that they may be used for adjustment during the coming working 
season. The crankpin and crosshead pin should be made true and 
adjusted properly to their bearings. 

Before assembling the machine it is advisable to check the align- 
ment of the frame with reference to the crankshaft and the prime 
mover. The machine must be well aligned for the proper operation 
of the bearings. 

In reassembling the machine all parts should be put into proper 
adjustment ; new gaskets should be used ; the clearance in the cylinder 
should be adjusted to the minimum and for quiet operation when the 
machine is warm. Indicators and pressure gauges will facilitate the 
proper adjustment of the suction and discharge valves. 

After the machine is reassembled it should be thoroughly cleaned 
and painted, if necessary. 

Oil Interceptors and Traps. — All oil interceptors and separators on 
the high pressure side should be taken apart and cleaned, both inside 
and outside. All gaskets should be renewed if they are not in first- 
class condition. Interceptor drain valves should be inspected and 
examined. In general these valves should be fairly large in order to 
reduce the probability of becoming clogged with foreign matter. 

Similarly the suction traps and strainers on the low pressure side 
should be examined and cleaned. Particular attention should be given 
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to the proper cleaning ot these traps. Frozen oil, scale and other 
foreign matter may accumulate to the extent of partially closing the 

suction lines. 

Ammonia Condensers.— Next to the compressor, the condenser, 
is probably the most important part of the refrigeration apparatus. 
Therefore the cleaning and keeping clean of the condenser surfaces 
are factors of importance. The function of the condenser surface is 
to transmit heat from the refrigerant to the water in order to cool and 
liquefy it. Hence, it is not logical to allow the pipes to become covered 
with a coating of foreign matter, which necessarily resists the flow 
of heat. A heavy coating of foreign matter requires a greater temper- 
ature difference between the refrigerant and the water in order to 
cause the necessary amount of heat transfer. The results in increased 
condenser pressure and hence makes the plant more expensive to 
operate. 

Atmospheric Condensers. — The standard atmospheric ammonia 
condenser with its single gas connection at the top of the coil and its 
single liquid connection at the bottom is a type of condenser that is 
preferred by many operators. The arrangement of the connections 
to the coils is simple and practical. The condensing water is simply 
showered over the coils by the troughs. It has no small liquid drain 
connections that tend to rust away from the action of the water and 
the air. Leaks along the condenser pipes are easily discovered and 
readily stopped temporarily by a clamp and a rubber gasket. Leaks 
at the joints should be marked and repaired during the overhauling 
or shutdown period. 

This type of condenser has a great advantage of being more nearly 
foolproof than any other type. However, it is being replaced some- 
what by the newer designs of atmospheric condensers. 

Water Distribution Over Atmospheric Condensers.— The securing 
of a proper water distribution over the individual condenser coils is 
a point of no small importance. The condenser is installed to conduct 
heat from the ammonia to the water ; therefore it is essential to obtain 
an even distribution of water over all the' pipes from end to end. 

In actual operation proper care is not always given to leveling 
the water-distributing trough. The holes and slots in the trough tend 
to clog with algae, moss and other foreign material. These conditions 
affect the efficient distribution of the water. The galvanized troughs 
with serrated edges give the best service, everything being considered. 

In order to determine whether the water is being distributed in 
the proper manner over each coil, the temperature of the water leaving 
the condenser coils should be ascertained. If there is a wide variation 
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of tcin])crature of the leaving water it is on account of an uneven 
distrilnui(.n of water to the sections. This is, of course, subjected to 
the assumption that the tlow of ammonia to the coils is even and 
cijually distributed to the various sections. To obtain the lowest 
l)ossiblc condenser pressure the water should ha\e the same range of 
temperature in passing over each coil. 

Cleaning of Atmospheric Condensers. — The cleaning and the keep- 
ing clean of the'^ condensing surfaces are of primary importance. The 
function of the surface is to conduct heat from the ammonia to the 
water. Therefore it is not logical to allow the pipes to become coated 
with a heavy layer of hard scale which will necessarily retard the 
How of heat. Heavy scale increases the condenser pressure and thus 
makes the plant more expensive to operate. 

As the water flows o\ cr the condenser there begins to form in the 
troughs and one of the upper pipes a sort of greenish slime. This gradu- 
ally works downward and finally covers the entire condensing surface; 
it is deposited !)}• nearly all kinds of water, but of course the amount 
will vary with the locality. If this foreign material is allowed to remain 
on the condenser it will harden into a scale. This begins at the top 
of the condenser, where the temperature is highest, and will gradually 
scale downward, as the efficiency of the higher pipes i.s being lowered 
by the accumulation of scale. 

In the first place, it is evident that the scale should not be allowed 
to harden on the pipes. This may be prevented by washing the coils 
daily with a jet of water at high velocity. Rubbing the pipes with a 
stifif wire brush is a good practice. 

In the second place, if hard scale is allowed to form it should be 
removed carefully and thoroughly. Scale may be removed from the 
pipes by means of a rasp or a chipping hammer. Chipping hammers 
should not be so sharp as to injure the pipe, for careless use of the 
cleaning tools may result in split pipes or injuries that will promote 
pitting and corrosion. After the coils have been thoroughly cleanc<l 
they should be covered with a good paint. 

The inside surface of the condenser pipes should be kept as free 
as possible from oil and other matter. As oil is necessary for the lubri- 
cation of the compressor more or less of it finds its way over into the 
condenser. After the plant is shut down some of the condenser coils 
should be opened and examined for oil and foreign matter, after pump- 
ing out the coils, of course. To clean the coils the following procedure 
can be followed : 

A steam connection is made to the gas header and then all gas 
valves are closed. The coils are disconnected at the bottom. Then, 
by turning steam into the gas header and opening the gas valves in 
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succession on each coil, the oil and foreign material are blown out ot 
each section. The steam connection is removed and an air connection 
substituted. The coils are now blown out with high-pressure air to 
remove any condensed steam from the coils while they are still hot. 

Waive scats and discs should be inspected. Gaskets for valve 
bonnets or housings, joints between valves and headers, and packing 
for valve stems should be renewed if the plant is to be operated con- 
tinuously during the season. Other gaskets and packings should not 
1)6 renewed unless it is certain they arc not in first-class condition. It 
the bolts, studs or nuts are rusted considerably they should be replaced 

by new ones. 

Operation of the Double-Pipe Ammonia Condenser.— The standard 
double-type ammonia condenser is similar to the standard atmospheric 
type in that it is as nearly foolproof as it is possible to make a con- 
denser. There is no regulation of ammonia required. The entire 
performance of the various sections is controlled by observing the 
temperature of the water leaving the individual coils. These temper- 
atures may be determined by inserting thermometers in suitable open- 
ings in return bends on ices or by feeling the last pipe at the end 
where the liquid ammonia leaves. The temperature should be approxi- 
mately the same in order for the coil to operate evenly. The water 
outlet valves on each section may he adjusted so as to give the same 
outlet temperature of water on all of the coils. 

Cleaning of Double-Pipe Condensers.— The removal of sediment 
and scale from the condenser surface is essential to the efficient opera- 
tion of the condensers. The operator is under the disadvantage of not 
being able to see the condition of the inner tubes. Therefore he must 
wail for indications of an accumulation of scale or take active proceed- 
ings to insure that scale will not be allowed to form. When the 
condenser tu!)es become coated with sediment and scale the range of 
the temperature of the water in passing through the condenser de- 
creases and the other indication of dirt is an increase of condenser 
pressure. The operator should not wait for increased condenser pres- 
sure but he should clean the surfaces regularly. Of course the fre- 
quency and exact method of cleaning the tubes depend upon the nature 
and amount of material deposited and the nature of the plant. 

The sediment in the tubes should be prevented from forming a hard 
scale by removing it. This is usually accomplished by reversing the 
direction of the flow of water in the tubes for a few minutes each day 
or week, as the case may demand. This may be done by a proper con- 
nection of each section of the condenser to wash-out headers by means 
of three-way cocks and valves. The wash-out water is allowed to 
, flow to the sewer. 
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In the event that sediment is allowed to form into hard scale it 
may be removed by a stiff wire brush or by a good tube scraper. This 
is fastened to a length of 54-in. or Yj-m. pipe and then pushed through 
the tubes to remove the scale. Thick and hard scale may be reamed 
from the tubes by fastening a drill up(jn the end of a length of ^-in. 
pipe and then dri\ ing the drill through the tube with an air or electric 
motor, or by means of a pij)e wrench. The tubes should be washed 
after cleaning in any of the.se ways. 

Shell and Tube Condensers. — Both vertical and horizontal shell 
and tube condensers should be kept clean. If sludge or scale accumu- 
late on the water side of the tubes they should be swabbed out at 
regular intervals during the operating season with a wire brush or 
cleaned with a power driven tube cleaner. The seasonal cleaning 
should remove all foreign matter from the tubes. 

Many vertical shell and tube condensers have a space above the 
bottom tube sheet designed to accumulate oil settled out of the liquid 
refrigerant. This oil and any sediment present should be regularly 
drained out of the system. Whenever oil is being drained out of a 
system under pressure it should be remembered that the drain valve 
should not be opened wide. A larger proportion of the oil will be 
removed if the drain valve is set to allow the oil to pass out in a small 
stream just a little larger than is necessary to maintain flow. Other- 
wise the refrigerant will blow out with the oil while much of the latter 
remains in the vessel. 

During the repairing and, overhauling season the ammonia receiver 
or storage tank should be examined closely. The component parts of 
the valves and gauge glasses should be inspected thoroughly. The 
condition of the drain valve and connections should be noted. The 
drain valve should be fairly large in order to prevent clogging due to 
accumulation of scale, etc. All oil should be drained from the receiver. 

Piping Systems.— The ammonia pipe lines which connect the vari- 
ous elements of the system should be carefully examined and repaired. 
The successful and smooth operation of the plant depends upon the 
design and layout of the piping system. Many difficulties of operation 
may be traced to neglect of the piping system. 

The ammonia pipe lines with all joints and valves should be ex- 
amined closely for leaks. A burning sulphur stick should be applied to 
all the joints and every foot of the pipe lines. If white fumes are given 
off by the burning sulphur, an ammonia leak is close at hand. After 
all leaks have been detected, they should be repaired promptly. 

The failure of piping, valves, or fittings may be due to vibration 
and faulty methods of support and anchorage. In general, the lines 
should be level, well aligned and free from traps and pockets. Vibra- 
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tion in piping systems may be due to the intermittent flow of gas, 
vibration of the compressors and engines. Therefore it is necessary 
to make sure that all parts of the piping system are well supported 
and anchored. 

The insulation of all cold pipes should be inspected and kept in 
first-class condition. The insulation may need to l>e renewed or re- 
paired. 

All the piping should be kept as accessible as possible. After all 
parts have been inspected and repaired, fresh paint shoubl Ijc used 
freely. 

Direct Expansion Coils and Shell Coolers. — All joints, pipes, valves 
and fittings should be carefully tested for ammonia leaks in the manner 
previously mentioned. Any leak should be duly noted and repaired. 

The condition of the inside and outside of the refrigerating pipes 
has an important bearing on the efficient operation of the plant. Re- 
frigeration is produced by the evaporation of the liquid ammonia in 
the coils, the necessary heat being absorbed from the surroundings. 
The rate of production of refrigeration depends upon the amount of 
pipe surface, the mean temperature difference and the heat transfer 
rate of the evaporator wall. With the surface and temperature differ- 
ences constant, it is evident that the refrigeration is in direct propor- 
tion to the transmission of heat by the wall of the e\ aporator. 

The rate of this heat transmission depends upon the conductivity 
of the separating wall, the thickness of the wall and the surface effects. 
The accumulation of ice, snow, grease, oil, scale, or other foreign 
matter adds resistance to the flow of heat. Thus, the evaporating- 
coils should be kept clean and free from oils in order to produce the 
most refrigeration with the least surface. Oil tends to collect in the 
evaporating coils and will remain there if definite procedure is not 
taken to remove it. Snow and ice tend to collect on the exterior 
surfaces of the evaporating coils in a similar manner. 

In a shell brine cooler, the. ammonia evaporates on the outside of 
the tubes and inside of the shell, and the brine flows through the inside 
of the pipes. This cooler tends to become coated with oil on the 
outside of the tubes, and ice may collect on the inside of the tubes 
in a manner quite similar to the evaporating coils. 

The proper method of cleaning evaporated coils and shell coolers 
is to remove the ammonia and brine. Ice, scale, and other matter may 
be removed by mechanical means. In order to remove oil, dirt and 
other foreign matter from the coils and coolers, they should be blown 
. out separately with steam, after which they should be thoroughly 
dried by blowing air through them while they are still hot. 

All valves should be inspected, paying particular attention to the 
valve seats. Expansion valves should receive especial attention. 
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Alter being- llioroughi)- cleaned inside and outside, the coils and 
coolers should be carefully reassembled. They should then be tested 
with air at 250 to 300 lbs. pressure. If the apparatus is tight and the 
atmosphere remains constant in temperature, the air pressure should 
fall onl)- slightly in 24 hours. Any leaks in the coils or cooler may be 
detected by soapsuds or by submerging the apparatus in water. 

Ammonia Tests. — With an absorption machine it is well to test 
the anhydrous ammonia at least once a day. If the dehydrator of the 
machine is working properly, the anhydrous ammonia should be per- 
leclly dry, and if not it will, of course, contain a small percentage of 
\>ater. The earlier absori)tion machines produced anhydrous ani- 
nionia having as much as one to two per cent of water, whereas 
present day machines with the efficient dehydrators used will produce 
\ er}' di}- ammonia so that no water should be shown in the test for 
))urity. 

To tell how the absorption machine is operating, frequent tests 
sliould Ije made of the strong and weak aqua ammonia. This is best 
done by an apparatus attached permanently to the machine, which 
permits a sample of cither the strong or weak liquor to be drawn into 
a receptacle in which floats a hydrometer. The whole is so enclosed 
that none of the ammonia vapors escaping from the liquor interfere 
with the operator. 

The Beaume hydrometer is the one most used. Tables giving the 
specific gravity, the per cent ammonia in solution, etc., are based on 
the Beaume readings at 60® F. Hence, if the temperature at which 
the reading is taken is different than 60®, a correction for temperature 
.should alwavs be made as indicated on the correction table. Roughly, 
a difference of 15® F. is equal to a difference of one degree in strength. 
Thus, if the hydrometer indicates 25® Beaume at a temperature of 
45® F., this means the aqua would be 26® Beaume if raised to a 
temperature of 60® F. (which is the standard temperature), while 
aqua at 75® F. indicating 27® on the hydrometer would be 26® aqua 
at standard temperature. Due allowance should also be made for 
the loss of gas in testing. Any sample of ammonia will lose gas 
rajjtdly when exposed to the atmosphere. 

Purifying of Anhydrous Ammonia. — .\s previously indicated, the 
ammonia charge in a refrigerating system may become contaminated 
with impurities from various sources. These impurities are chiefly 
oil and water. A vacuum pumped on the system may draw water or 
brine through leaks in any submerged pipe. Sometimes the air used 
in drying the system before charging with ammonia carries moisture 
into the pipes and coils, and this is not thoroughly dried out. Water 
may also enter the machine with air through the stuffing bi»x on the 
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piston rod. Although the amount of water drawn in through the box 
is very small, the affinity for water and ammonia is so high that what- 
ever enters the system accumulates and at the end of the scatin’s run 
may amount to several gallons. Grease from cutting pipe threads 
and oil and wax contained in packing and gaskets contribute to oil 
impurities. A poor quality of compressor oil is responsible for con- 
tamination by oil in a great many systems. 

The ammonia charge of a plant may be cleaned by -removing it 
into shipping drums and sending to the manufacturer for redislillation 
..r the charge may be purified without removal from the system by 
means of one of the various purifiers or regenerators. 



Fig. 187. — Ammonia Purifier. 


Whether or not the charge is removed from the plant, each part 
of the apparatus should be thoroughly cleaned at least once a year. 
With the charge stored either in shipping cylinders or in the refrig- 
erating coils, the condenser and receiver should be thoroughly cleaned 
by blowing steam through them and then, while hot, blowing air 
through to dry out the moisture as previously indicated. The com- 
pressor should be cleaned of an overabundance of oil and the discharge 
pipe from the compressor cleaned in a manner similar to the condenser 
coils. If the charge has been stored in the refrigerating coils, the 
compressor should be run very slowly, vaporizing the ammonia in the 
coils and thus getting it back on the high pressure side, leaving behind 
all the impurities possible in the refrigerating coils, which should 
then be cleaned out first with steam and afterwards with air. It is 
advisable to blow out the coils separately by disconnecting them from 
the headers. This will insure a better cleaning. 

Some engineers may object to using steam inside of the coils and in 
an ice tank this may be done away with by removing the ice cans and 
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brine and after battening down the top of the tank and turning steam 
into the tank around the coils. This heats the coils up to nearly 
212° F., at which point any congealed oil on the inside of the coils will 
be melted, and by blowing air through them the oil and dirt are easily 
removed. 

The regenerator or purifier is designed to free the ammonia in 
the system from oil, water and other impurities. There are two types 
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of purifiers. The principle of operation of the first type is to draw a 
charge of impure ammonia from the receiver, oil traps or any ammonia 
pipe in the apparatus, and distill it. The vaporized ammonia passes 
10 the suction line, leaving behind the impurites. In the second class 
of purifiers, which is strictly not a regenerator, the already vaporized 
ammonia, on its way back to the compressor, passes through or over 
trays of some drying material such as caustic soda or unslacked lime. 
Here it is purified or separated from its contained water and oil. 
Caustic soda has a very strong affinity for water and serves as well to 
separate other impurities, such as oil. A combination of the two types 
of purifiers is possible and such are made which contain a distilling 
or regenerating chamber in the base and the ammonia vaporizing from 
same passes through or over trays of caustic soda or lime. The various 
types of purifiers are shown by Figs. 187 and 188. 
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Purifying of Aqua Ammonia.— Aqua ammonia is a sol\ cut ol man\ 
of the impurities likely to exist in a refrigerating system, and to insure 
lively action of the ammonia, the system and the ammonia sh.mld be 

cleaned at least once a year. 

The anhydrous ammonia in the absorption system should be drawn 
from the receiver into either the freezing coils or into shipping drums, 
and the condenser and receiver cleaned as in the compression system. 
If the anhydrous ammonia is stored in the freezing coils it can be 
evaporated after the other part of the system is cleaned and the 
freezing coils then cleaned in a similar manner to that described lor 

the freezing coils of the compression system. 

To clean the aqua ammonia, as much liquid anhydrous ammonia 

should be made as possible, thus reducing the strength of the aqua 
ammonia to 13® or 14° Beaumc. To remove the anhydrous ammonia 
into shipping cylinders, follow the method described lor the com- 
pression machine, connecting the cylinder to the bottom of the receiver 
and exercising care that not too great an amount of ammonia is placed 
in each cylinder. Then the geneartor is tilled with weak aqua am- 
monia to the operating level. All the aqua ammonia is then drawn 
from the absorber and exchanger into temporary storage drums. All 
iron rust and other impurities are now cleaned from the absorber, 
using a jet of steam. The lower end of the condenser, which has been 
previously cleaned, is now connected with the absorber and this is 
used to collect weak aqua ammonia distilling over from the generator 
when same is heated. .'\s the weak aqua ammonia proceeds to distill 
gradually from the generator and is condensed in the condenser, aqua 
ammonia which has been taken from the absorber and is in temporary 
storage tanks is pumped into the generator, thus continuing distilla- 
tion. When more weak and clean distilled aqua ammonia is collected 
in the absorber than it can hold, some of it is placed in clean shipping 
drums or clean tanks to be used in recharging the plant. 

Corrosion Control in Brine. — If proper care is not exercised over 
the condition of brine it may become corrosive to various metals in 
the refrigerating system. Several different methods are used to keep 
the corrosive action of brine at a minimum. In the first place it is wise 
to avoid all conditions which tend to mix air with the brine. For 
instance, if brine is being returned to a tank after circulating through 
a coil the return pipe should be carried well below the surface of the 
brine so there will be no splashing. All other conditions where brine 
is splashed or air is sucked into it by whirlpools around agitators 
should be avoided. 

In an ice tank the brine is in contact with the zinc on the galvanized 
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cans, as well as the steel in the coils and the tank itself. To give the 
best protection to these various metals the pH of the brine should be 
maintained in a range of 7.0 to 7.5. If all of the galvanizing is olT the 
cans, or in a system where there is no galvanizing the pH can be 
maintained at 8.5 to 9.0. 

In recent years it has been customary to provide additional pro- 
tection of metal surfaces by treating the brine with chrome compound, 
h.ithcr chromic acid or sodium dichromate is used for this purpose. 
Both these chemicals are acid in character and will reduce the pH 
when added to the brine. Therefore, if the brine needs no adjustment 
in alkalinity, caustic soda is used along with the chromic acid or sodium 
dichromate to neutralize their acidity. A neutral treatment is 12 lbs. 
of chromic acid plus 9.6 lbs. of caustic soda or 18 lbs. of sodum di- 
chromate plus 4.8 lbs. of caustic soda. These doses are equivalent in 
chromate content and either one is the amount recommended to treat 
1,000 cu. ft. of brine by several authorities. 

If the brine is too alkaline or contains ammonia the chromic acid 
or sodium dichromate can be used alone or with an adjusted amount 
of caustic soda to bring the pH of the brine down to the desired point. 
Other authorities have recommended that approximately 50 lbs. of 
.sodium dichromate per thousand cu. ft. of calcium brine or 100 lbs. 
per thousand cu. ft. of sodium brine will give more complete pro- 
tection against corrosion. If no pH adjustment is desired then the 
sodium dichromate treatment should be accompanied by 26 per cent 
by weight of caustic soda. 

Electric Motors and Generators.* — When it is intended to run a 
machine for the first time, the operator should observe the following; 

Make sure : 

That all bolts, nuts, screws, and oil drain plugs are tight. 

That the oil wells are filled with a good grade of mineral oil. 

That the commutator, slip rings and other parts are clean. 

That after all possible external load has been removed, the armature or rotor can 
be turned over by hand and runs freely. 

That all external wiring connections check with the manufacturer's diagrams. 

That the brushes move freely in the holders and make firm, even contact with the 
commutator or collector rings. 

That wherever possible both motors and generators are operated initially without 
load (except series motors, which should be never operated with less than 50 per cent 
full load), for a period of several hours. 

IVhen starling motors make sure: 

That the line voltage (and frequency on A. C. motors) corresponds with the 
voltage on the nameplate. 

That the controller is in the “off” position. 

That the circuit breaker (where used) or the line switch is closed first. 

That the controller handle is then slowly but firmly moved on to each point of 
contact until it is in the running position (about 20 seconds should be consumed in this 
operation). 
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That if a compensator is used, its switch lever is moved to the starling position ami 
when thrmoloTSn^^ «P to speed (in about 5 to 20 seconds) the lever is .pnckly 

thrown into the running position. 

That all resistance in the field rheostat is placed in the held circmt. 

That all switches connecting the generator to any l^d are open. 

That the nrinic mover is slowly started and brought up to speed. i . i 

llut the're'istance is gradually cut out of the held circuit until normal rated 

voltage is secured. 

'I hat the load is then gradually applied. 

or .ur.i„K r.„m.>:n>a.or i. lri,,,.r,l . ll.r li..r 
.wUch opjed Scc„.XTila, lire cn.rolUr ka. rorarnal tc, ,l.r '..fl 

by the time the motor ha^ slopped. 

distance HI the generator fiekl , . 1 . ^vindiue^. Sccoiuh rbal the circmt 

b?iakc?oMine rwilcr‘s'oiJinS""'l1ii^ That the prime mover is sluit down. Fourth. 

dhat the field switch is opened on at speeds whiel. will 

A. C generators g"ci;;rator" connated to dilTerent 

give equal mcaLre upon the governing of the iinme moverk 

aXprih^relativcfly wlieel effects of the^ 

Before two alternators are sJparately to an iu- 

for phase rotation. Tins can be I obtamed. Another method is to throw tlu- 

b"":™:Vb5 SSg uvo K-adsof a three-phase machiae or reversion the 
leads of one phase of a two-phase machine. synchroscope. A common 

method, however, is to ^ ,?[. i,:„lVtctisL/^ of which are connected- 

tension windings of two V^ns formers the ig secondaries are 

one across the ordinary multiple Lmection. the main sivitch of the 

opposed, that is. connected as tor or^ secondary or the 

incoming machine should be closed \\hc the main switch of the in- 

primary leads of one of the transformers be rev cr^ .t^^^^^ preferable to 

coming machine should be ^rowii *n ' I sw'Mch should not be 

Su" S“l;=;furlu".hruSS Sc U, ah„u. uuc 

X”o5pi:^^.ors in parallel the Pri™ ::;'lS^tar" TW 

“SSreate luld'then “ed."the prlure .never stopped and the field swlteh 

“Lerr^'irri^oreXd ~ / C. u,ot„rs. It is especial, V oh- 

• The Efcctrif Power Club, 
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jectionable on iiiachiiies installed in foundries, inacliine shops, or locations where there 
is much carbon dust, metallic chips, etc., as the compressed air may drive the dirt or 
metallic chips into the windings and cause breakdowns. On direct current machines 
the use of compressed air is not objectionable because all the parts are more or less 
accessible, aspecially the commutator and brushes. 

The life of bearings is affected by the lubrication, belt tension and alignment of the 
driving and driven shafts. E.xcessive wear and heating of all bearings can be reduced 
to a minimum by adequate lubrication, proper belt tension and accurate alignment. 
When bearings are unduly worn, they should be replaced, and after the new bearings 
have been put in, the air gap should be tested to see that it is uniform all around. 


Oil wells should be filled with petroleum oil (not vegetable or animal oil) through 
the oil fillers while the machine is at standstill up to one-sixteenth inch of the top of 
tlie oil filler. Experience has shown that animal or vegetable oils or greases, or ad- 
mixtures of them with mineral or petroleum oil will dry and gum, and by gumming 
ducts and oil rings, prevent the free flow of oil to the bearings. Incorrect oil level may 
be experienced if the oil wells are filled while the motor is running. After a motor has 
operated for the first week, the oil should be drawn off and the bearings washed out 
with kerosene, to wash out all sediment before refilling the bearings with oil. The 
drainage plugs should be taken out and dipped in a mixture of red lead and shellac 
and then replaced and tightened securely to prevent leakage. The bearings should be 
refilled at regular intervals, the frequency depending upon local conditions, such as 
cleanliness, severity or continuity of service, etc. After changing the oil, the oil rings 
should be always inspected to make sure that they are in the their proper position and 
turn freely. 

The brushes should be inspected to see that they move freely in the holders and at 
the same time make firm, even contact with the commutator. The brush tension should 
be checked regularly to make sure that the proper tension (1^ lbs. to 3 lbs. per sq. in.) 
is maintained by the spring. 

When replacing brushes, they should be fitted by means of fine sand paper folded 
around the commutator and the rotor revolved by hand in the desired direction until a 
proper fit is obtained. On some machines, the sand paper can be held in place if it is 
cut to a width slightly narrower than the commutator, and the front end of the strip 
inserted into one of the narrow slots between commutator bars (where the mica has 
been undercut), and then folded back around the commutator by slowly revolving the 
armature by hand until the paper moves under a set of brushes. 

An operator should never shift the position of the brushes unless he knows posi- 
tively that the brush position is incorrect or it is desired to change the direction of rota- 
tion or mounting of the machine. On machines with commuWting ^les, the position 
of the brushes is fixed on the neutral point at the factory and the posiUon of the brushes 
on such machines should never be shifted except to make change as indicated in t e 
previous sentence or for compounding or parallel operation of genera ors. 

Care should be taken to see that the pigtails or flexible “PPfr 
fastened in place so that they will carry their full 

holder A slight extra length should be left m the pigtails because if they arc tw 
tightlhey might tend to pnllthe brush out of line and out of proper contact with the 

surface of the commutator. i- u i it i 

Connnntatorssh^^wayskep^c^n^^^^^^ 

eVny^or non-linting material. No vaseline or oil of any description should be us«l 
on a commutator In case the commutator has become rough, this roughness may be 
Removed by po ishing the commutator with a piece of sandstone, from which a segmenta 
Se^rSas been cut, having the same radius as the commutator If sandstone is not 
Sv obtained sand paper may be used by pressing it against the surface of the com- 
mutator^with a block^ wood shaped like the standstone mentioned alwve. In boi^h 
casS the commutator should be run at a high rate of speed during polishing and the 
«n?<;’tone or sand paper moved back and forth along the surface parallel to the shaft. 
Afte^^this has been done, the commutator and brush faces should be carefully clean^ 
to remove any grit which might cut or scratch the commutator. Emery cloth should 
never be used on a commutator or brush. 



OPERATION AND CARE OF APPARATUS 


575 


It is advisable to apjdy a little clean lubricating oil to the tulKclor rings regularly. 
The oil may be applied with a piece of cloth of chamois skin. 

When a machine appears to be too hot to the touch, the actual temperature shouhl 
be measured with a thermometer. The safe operating temperature of a motor or genera- 
tor cannot be accurately determined by the hand, as it is impossible to hold the hand 
comfortably on a motor which has been heated to within its guarantee. The tempera- 
ture rise for which a machine is guaranteed at its rated load is shown on jts nameplate. 
The guarantee is based on the surrounding air temperature, assumed at 40° C. (104" F, ) 
or less and the machine can be operated safely if its temperature by llu rmometer docs 

not exceed 90* C or 194* F. 


QUESTIONS ON CHAPTER XVIII 

1. Define natural and functional depreciation. 

2. What is the proper method of procedure in repairing and over- 
hauling a refrigerating plant? 

3. What are the principal parts about a compressor which require 
inspection and repairs, and how arc these parts kept in adjustment? 

4. What is one of the most important factors in the operation of 
a condenser? 

5. Explain how you would overhaul and repair an atmospheric 
type condenser. 

6. Explain how you would overhaul and repair a double pipe type 
condenser. 

7. How frequently should a condenser be cleaned of sludge or scale? 

How arc the different types of ammonia evaporators kept clean, 
and why is it so important to keep these surfaces clean? 

9. How are anhydrous and aqua ammonia purified in an absorption 
.system? 

10. Describe the various methods of corrosion retardation. 
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Packing. — When a moving part of a machine or apparatus passes 
through a wall of the machine or apparatus into a region of higher or 
lower pressure, a packing is interposed between the stationary and 
the moving parts in order to reduce to a minimum the leakage of the 
medium from the higher pressure to the lower pressure. The impor- 
tance of the proper selection and care of packing may be more tho- 
roughly appreciated when one remembers that approximately 75 per 
cent of the loss of ammonia in the average compression refrigeration 
plant may be charged to leakage through the stuffing boxes. It is 
probably true that there is no other part of the system that requires 
so much regulation and care, and causes so much anxiety as the 
stuffing-box. The difficulties that are generally encountered are large- 
ly due to excessive friction of wide ranges of temperature. 

Principle of Packing. — When two solid surfaces are held together 
by any appreciable force, any effort tending to move them relatively 
to each other— that is, to move or rub one surface over the other — is 
met by a resisting force acting tangentially to the surface of the two 
bodies.' This resisting of relative motion, commonly termed friction, 
is due to the interlocking action of the minute depressions and eleva- 
tions which exist even in the smoothest surfaces, and will vary with 
the different kinds of materials, finish of surfaces and the speed of the 
relative motion. The appearance of these irregularities of the surfaces 
is illustrated by Fig. 189. This figure shows a small section of the 
separating surfaces between a smooth piston-rod and a smooth packing 
substance, as it would appear under a magnifying glass. It is apparent 
that if these two surfaces are held in contact by a force, the effort 
required to slide one over the other is quite large. 

Separating Oil Films.— If oils or lubricants are interposed between 
the surfaces, the frictional resistance is materially reduced because 

• Considerable matter in this Chapter has appeared in Ice and Refrigeration and Power at various 
times, and permission has b«n granted for its re use here. 
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Ihc rubbing surfaces are wholly or partly separated by a thin lihn <.f 
the lubricant. Fig. 1S9 shows how the lihn of oil separates the packing 
and rod so that they do not tend to seize. It is obvious that if the 
rul>bing surfaces are made as smooth as possible the frictional resist- 
ance to^motion will be lessened and the surfaces will be easier to lubri- 
cate. If the depressions are filled with some suitable substance and the 
surface glazed over smooth, the cause of frictional resistance will be 
partly overcome. Fig. shows how a packing and rod may be 
'dazed over with graphite and separated entirely by means of an oil 

lilm. 



Fig. 189. — Oil and Graphite Films on Piston-Rod. 


The proper functioning of the stuffing-bo.K depends upon the 
presence of this oil lihn. Owing to the phenomena of capillary attrac- 
tion and molecular adhesion, the oil film clings to the surface \vith 
such tenacity as to support a load as large as KOO lbs. per sq. in. The 
exact magnitmle of this load intensity is governed by a number o 
things, such as character and type of surface, fim.sh of surface, kind 
of oils, etc. It is apparent that if a film of oil is interposed between 
the packing and the piston-rod, as illustrated by Fig. 190, and that il 
the packing is subjected to pressure due to forcing the gland into the 
box. the escape of high-pressure gas from A along the rod to the atmos- 
phere at B is opposed by the resistance of the oil film. This is the 
fundamental principle of all successful packings. Since the rod is in 
motion and under vibration, is is necessary to have a considerable 
length of effective film between C and D in order to prevent the escape 
of gas of different pressures. 

It should be further noted that the employment of frictional sub- 
stances as packing is inconsistent with sound engineering principles, 
since a packing consisting solely of frictional materials depends upon 
the pressure of the substance against the face of the rod to prevent 
the escape of the medium under pressure. 
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The effect of varying temperatures of the rod upon the packing 
should be observed. The compressors in actual operation are sub- 
jected to different temperatures due to operating on wet, dry, or super- 
heated vapors. The packing sjiould respond to slight changes of 
dimensions instantly in order to conform to the rod. This would 
preserve the oil film and prevent the escape of gas. The packing 
should then be made of some resilient material that will compensate 
automatically and instantly for any irregular movement of the rod, 
or any expansion or contraction due to changes of temperature. 



Fig. 190. — Compressor Stufiing-Box. 


Requirements of a Good Packing. — From the foregoing it will be 
appreciated that to be successful a packing has certain definite require- 
ments that must be fulfilled. It will be observed also that the desired' 
functions of the packing are determined by economic considerations.) 
The follo^ving may be considered cardinal properties eff good packing^ 

In the first place, the packing must be gas-tight. It must reduce to 
a very small minimum or prevent entirely the escape of the medium 
under pressure. The packing must remain gas-tight under the varia- 
tions of temperature that occur in actual operation. The escape of the 
refrigerant increases the cost of operation, since new ammonia must 
be charged into the system to make up for losses. 

Jn the second place, the frictional resistance of the piston-rod, as 
it reciprocates to and fro through the packing-box, should be reduced 
to a minimum. It is apparent that the energy used to overcome fric- 
tional resistance is simply wasted. This energy cannot produce any 
good and cannot be recovered ; therefore, it is desirable to keep this 
loss as low as possible. Furthermore, excessive friction causes great 
wear and abrasive action on the surface of the rods, so that they become 
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scored aiul shouldered. Under ihis ciuuliliou larger quaiUilies of 
lubricating oil are rcquireil. 

In the third place, the i>acking must be resilient. It must be sensi- 
tive to any change of pressure and temperature or any irregular move- 
ment of the rod. It must adjust itself automatically and instantly to 
the operating condition that exists. 

Lastly, the packing should have a fairly long life in order to reduce 
renewals and sa\e money. A packing that will function properly for 
the longest i)ossible time should be selected for the service. 



Fig. 191. — Non-Elastic Packing in Stuffing-Box. 


Types of Packings. There are many types (»f ammonia packings 
that must be used to pack the stuffing-boxes of the compressors, 
pumps, and valves in refrigerating plants. In order to make an inlel 
ligent selection and adapted to a particular case one should be familiar 
with the construction and merits of the various types that may be 
purchased in the market at present. Among the many types which 
are available at present the following are most important : Collapsihle 
tube metallic, flexible metallic, elastic metallic, fibrous or st)ft, and 
combination types. 

Collapsible Tube Metallic Packing.— Fig. 191 illustrates the appli- 
cation of non-elastic metallic packing in a stuffing-box. This type 
may also be termed a collapsible tube type. The application of pres- 
sure by the gland slightly collapses the tubes in the direction of the 
length of the rod, which compensates for wear and holds the face of 
the tube against the rod. The packing is made up of a series of hollow 
babbitt rings filled \vith graphite. The babbitt rings are supported 
by cast-iron cages which clear the rod. Both the ring and the cage 
are split and the joints are sealed by the use of gaskets. These gaskets 
also provide for a slight amount of resiliency. The graphite flows 
from the babbitt rings through the emission holes due to the action of 


580 


PRINCIPLES OF REFRIGERATION 


the rod, keeping the rod and packing glazed over with a thin layer of 
graphite at all times. A series of these cast-iron and babbitt rings 
are placed in each compartment of the stuffing-box. 

The collapsible txibe-type packing meets the requirements of a 
good i)acking in an efficient manner. In actual operation it reduces 
the leakage to a minimum. Since only babbitt metal touches the rod, 
the work required to reciprocate the rod to and fro in the box is low. 
It is self-adjusting within reasonable limits of change of conditions. 
It is quite durable in service, the useful life of the packing being from 
two to ten years, with an average life of five to six years. The useful 
life of the packing depends upon a number of variables, of course. 



Fig, 192. — Flexible Metallic Packing. 


Being of rigid construction, the packing required delicate adjustment 
of the gland to secure proper pressure upon the rings. Also, as the 
lower crosshead slide and the bottom of the cylinder become worn 
down, the center line of the piston rod is lowered, which results in 
concentrating the weight of the rod, etc., upon the packing. Under 
this condition the metallic rings tend to wear to an elliptical form, 
which makes leakage probable. This type of packing may be used 
with good results on all types of machines, horizontal double-acting, 
vertical single-acting, enclosed, etc. When used on aqua ammonia 
pumps, the graphite prevents the rods from pitting and corroding. 

Flexible Metallic Packing. — Another form of non-elastic metallic 
packing is illustrated by Fig. 192. This type is commonly termed 
“flexible metallic packing.” It is made up into sprials of continuous 
convolutions of babbitt ribbon passed through a bath of lubricant. 
Rings of this metallic packing are cut off and assembled with fabric 
wiper rings on the rods as indicated. 

Another form of this same general type of packing is largely used 
in refrigerating plants. In this type, V-shaped solid babbitt rings 
are backed up with the flexible metallic rings and fabric wiper rings 
are also inserted between the metallic rings. 
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The flexible metallic packing is an ciTicient packing. The packing 
reduces leakage to a minimum due to the fact that liabbiti rings are 
held firmly against the n>d by the pressure exerted by the gland. The 
packing is compressible and, therefore, permits of the laternal uidvc- 
ment. Amalgamation under pressure is prevented since there is a 
thoroughly broken metallic surface between each convolution of the 
babbitt ribbons. The friction loss is small, since a large portion of the 


])acking against the rod is composed of anli-friction metal. Therefore 
the rods run cool. The packing adjusts itself autimiatically in com- 
jiensating for expansion and contraction duo to temperature changes. 
No gland adjustment is necessary excepting a slight take-up to com- 
]>cnsate for wear. Additional rings must be inserted at certain periods 
to make up for the wear of the rod on the packing, The life of the 
packing, however, is affected by the physical condition of the rod. It 
gives the best service on rods that arc true and in line. On account 
of being supplied in the form of handy spirals, and being IlcNible, it is 
easily installed. This type is used for >ervicc on the rods of any 
compressor having a speed dfX) ft. per min. or less. 

A great portion of all packing in any plant is used on the hand 
valve stems. Flexible metallic packing has often been u.scd for this 
service with marked success. Kings are cut from the spirals and are 
placed in the boxes around the stems, breaking the joint'^. This pack- 
ing prevents leakage, permits the stems to rotate freely, and protects 
them from scoring, rusting or pitting. 

The flexible metallic packing, combined with solid \'-shaped bablutt 
rings, may be used on any compressor rod having a speed from 400 
to 1.000 ft. per min. The solid babbitt rings prolong tbe life of the 
packing. Otherwise it has the .same general advantages as the regular 
flexible type. 

The flexible metallic packing willi a fabric backing has been jiro 
duced to supply the demand for a flexible metallic packing to be used 
on rods that are slightly out of true and out of line. The resilient 
backing compensates for the irregular physical condition of the rods. 
This type should not be used on rotating shafts on account of the 
fact that scoring would be pn>duccd by tbe action of the fabric backing 
upon the rod. It produces a gas-tight joint on the surface of the rod. 
Due to the insertion of the fabric backing the friction loss is increased 
slightly. On the other hand it is automatic in adjustment to change 
of conditions. It is made of durable materials. 


Combination Packing. — A combination of metallic and fibrous 
types of packing is used sometimes. Babbitt rings are held against 
the surface of the rod by the fabric rings when pressure is applied by 
means of the gland. The primary rings are supported by the metal 
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backing rings. Suitable gaskets are inserted for sealing the joints in 
the rings. 

The conibinalion packings have been produced in order to supply 
a packing that would combine the advantages of both the fibrous and 
metallic packings into a single packing without incorporating the 
disadvantages of either type. They depend upon the action of the 
metallic oil seal to prevent leakage rather than the pressure of the 
packing against the rod. Friction losses are low since the rubbing 
surfaces are composed of anti-friction metals. They are automatic in 
adjustment to physical conditions on account of the resiliency of the 
fabric portion of the rings. On account of being comprised of durable 
materials and on account of having solid metal rings against the rods 
the wear on tlie packings is slow. The packings may be used on all 
types of compressors. They may be used on rods that are not true 
and out of line slightly. 

Elastic Metallic Packings.- The elastic metallic type of packing 
has been used in steam engines to a considerable extent and is being 
used at present in ammonia compressors. The metallic rings are held 
against the surface of the rod by helical springs around their circum- 
ferences. The rings are made into three segments and make tight 
joints on the rod and against the partitions of the casings. The rings 
and casing are usually made of cast-iron. The rings and casings are 
machined and fitted to the individual boxes and rods. Fibrous wiper 
rings are inserted in the gland to retain the lubricating oil. 

The metallic packing of the elastic type has been used extensively 
in certain fields with apparent success. The oil film between the cast- 
iron rings and the rod prevents the escape of the high-pressure gas. 
The friction of the special cast-iron rings on the rod is quite low. In 
fact, it is claimed that this type of packing requires but one-quarter of 
the amount of power to overcome friction that the fibrous or- soft 
packings demand. The packing gives the better service on the larger 
rods. The packing has no means of adjustment after installation. 
Each set is machined and fitted for the particular rod on which it is 
used. Therefore it is limited to exclusive use on the original rod. 

' However, it operates efficiently under changing conditions. It has a 
very long life, lasting from five to twenty-five years. Its life is affected 
by the wear at the various joints. 

This type of packing has been used extensively in the past on high 
duty apparatus. It may be used on rods of all types of compressors. 
The rods should be true and in line for the most efficient operation, but 
it will function properly on rods that are slightly out of line, since the 
rings may “float” in the compartment of the casing. On the other 
hand it is not suitable for all vapor and liquid conditions that may 
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occur in the refrigeration plant. It gives best service on compressors 
which handle dry vapors that are only slightly superheated. Thi.s 
condition may be obtained oftentimes by the proper adjustment of the 
liquid expansion valves. It should be well supplied with lubricating 
oil at all times. The first cost is comparatively high on account of the 
accurate machine work that is required in the fabrication of the sets. 
It has been used on the largest steam, air, gas and ammonia plants, 
under all conditions of pressure and temperature. 


Fibrous or Soft Packing.— Fibrous packings are generally coin- 
j) 0 sed of a combination of rubber and a fabric or cloth made of cotton, 
flax or asbestos. These are vulcanized and thoroughly lubricated and 
are made up into several forms, such as round, rectangular, or wedge- 
shaped, with rubber cores and backs and with laminations being hori- 
zontal, vertical, or diagonal. The function desired is that the packing 
will move toward the face of the rod when pressure is applied by the 
gland. 

Fibrous packing is composed of a special grade of rubber and duck 
and is thoroughly lubricated. The laminations are vertical. This 
type may be cut up into sectional rings. The application of this type 
of packing to a compressor stufling-box is indicated in Fig. 193. The 
sectional rings are interposed between the plain rings at the ends of 
each packing compartment. 

Another form of packing may be made by using the regular fibrous 
packing rings and fibrous section rings and by alternating the two 
types as they are placed into the box. This method of packing the 
box is shown by Fig. 194. 

The relative position of the 
gas lantern in both cases should 
be noted. Fig. 193 shows the 
desirable arrangement, that is, a 
greater number of rings should 
be placed between the gas lan- 
tern and the region of high-pres- 



sure. 


Fig. 193. — Sectional Fibrous Packing. 


The soft or fibrous packings perform their functions quite well 
providing they are under the care of a careful operating engineer. 
They prevent the leakage of other medium under pressure by being 
forced against the surface of the rod by the gland, since they have 
lateral movement due to being comprised of resilient materials. On 
account of being composed of materials that are more or less frictional 
in character and because of the forcing of the packing against the rod, 
the power required to overcome the frictional effect becomes excessive, 
if the packing is not given the proper attention. The soft rings contain 
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lubricants but under operating conditions a liberal use of oil is neo- 
essar} . Sometimes thin lead washers that clear the rod are inserted 
between the fibrous rings to facilitate lubrication. The excessive fric- 
tion effect necessarily causes the scoring, wearing and shouldering of 
the rods. Bits of the packing may find their way into the cylinder. 
Ordinarily this type of packing is not sensiti^■e to the change of tem- 
perature. Thus, when 


the machine becomes 
cool, it mav be neces- 
sary for the operator to 
tighten up the packing 
gland to prevent leak- 
age, or if the machine 
is allowed to become 
hot, it is necessary to 
loosen the gland in or- 
der to prevent harm 
to the packing due to 
the excessive heating 
effect of the frictional 



Fig. 194. — Sectional and Solid Fibrous 


work. In consideration of these facts it will be noted that the life 


of the packing depends upon the care given to it. Furthermore, it 
will be noted that on account of the friction between the packing 
and rod surface, and since the materials comprising the packing may 
disintegrate under operating conditions, the useful life of the packing 
is short. The fibrous type packing has been used extensively on all 
types of compressors and pumps. It has been used on rotating shafts, 
but a decided grooving action may develop if the packing is not proper- 
ly regulated. 

In the selection and application of packing to refrigerating machine.s 
it is advocated that each packing problem be solved intelligently from, 
all viewpoints. It is reasonable to expect that due consideration must 
be given to such factors as the type of machine, conditions of operation, 
the kind of operating engineer, physical condition of the rod, the cost 
of the packng, the worth of the possible saving of ammonia, and so 
on. Procedure along these lines of action will do much to the elimi- 
nation of packing troubles. 


The Merits of Packing. — The metallic type packings have been 
used generally in the past for service on high-duty apparatus. This 
type has been found to be dependable and therefore successful in this 
field. No doubt the local conditions have had an important bearing 
on the efficient operation of this packing. Since this type depends on 
the establishment and maintenance of an oil film between the packing 
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substance and the rod, it must be well-supplied with lubricatinj^ oil 
at all times. Also it is necessary that the ntd be true and well aligned. 
Therefore this type has been in a more or less advaniageous position 

10 effect efficient service. 

The fibrous, or soft packings, have been applied usually on the 
low-duty apparatus, such as pumps, valve stems, plungers, shafts and 
piston-rods. The field of application of fibrous packing is relatively 
large, since there is much more low-duty equipment than high-duty 
apparatus. This type of packing gives desirable results on rods that 
arc not true. A large amount of efficient service has been obtained 
from this kind of packing in the past and the same performance may 
be e.xpected in the future. 

The metallic type may be considered somewhat more gas-tighl 
than the fibrous type. The gas-tightness of the former depends on the 

011 seal, while the latter depends more or less on the physical contact 
..f the rod and packing material. The metallic type has less friction 
on the rod, since the greater portion of the packing that is against the 
rod is constructed of anti-friction or bearing metals. Also this type 
depends on the oil seal to prevent the escape of the medium under 
pressure rather than the forcing of the packing against the rod to stop 
the leakage of the gas, which results in reduced friction. The soft 
packing is comprised of such material as rubber, cotton fabric and 
asbestos, which have large coefficients of friction. In any case too 
much packing should not be placed in the box, so tliat when the gland 
is started squarely, excessive friction is not produced by the extreme 
pressure created by the gland. The gland nuts should be only hand- 
tight. 

With changes of temperature within the cylinder the metallic type 
is more or less automatic or self-adjusting in compensating fur the 
expansion and contraction of the materials. On the other hand, the 
fibrous packing will expand and contract with changes of temperature 
so that leakage will occur if the glands are not readjusted. However, 
the metallic types (exclusive of the elastic type) require a much more 
delicate and careful adjustment of the gland than the fibrous types do, 
in order to secure the proper pressure on the packing. 

Generally speaking, it may be said that the metallic packings arc 
more durable than the fibrous kind. This is due to the fact that the 
fibrous packings are composed of materials that tend to disintegrate 
under the actions of friction and heat. In the ultimate analysis it will 
be noted that the operating engineer is responsible to a large extent for 
the successful or poor performance of the packing materials, since it is 
his duty to give to this important part of the compressor its proper 
care, adjustment and lubrication. 
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Lubrication. — The primary function of the use of oils and other 
lubricants about the refrigerating plant is to provide for lubrication 
of moving parts. The oil or other lubricants accomplish this purpose 
by forming a thin separating film between the two moving parts. This 
film of oil or lubricant is very thin and serves to keep the various parts 
of the moving surface from touching each other. The establishment 
of an oil seal or film between the working parts reduces the friction 
\ ery materially. The surfaces of the moving parts are really made up 
of minute depressions and elevations, and it is evident that when these 
surfaces come into direct contact, the friction or the force required to 
move these parts relative to each other is much larger. In order for 
the fluid to function as a lubricant it should have the minimum cohe- 
sion between the particles of itself and maximum adhesion to the sur- 
faces to which it is applied. It should remain fluid at the usual work- 
ing temperature of the bearing surfaces. It is evident that if the bear- 
ing gets quite warm and if the lubricant has a low evaporating point 
there will be considerable loss of lubricant due to the evaporation of 
same in the bearings, stuffing-boxes, etc. The particular kind of lub- 
ricant to be used for any particular purpose will depend upon several 
variables such as the character of the friction, the various pressures 
and temperatures, the velocity and disposition of the moving parts, 
the bearing pressure exerted between the moving parts. 

In addition, attention must be given to the chemical properties of 
the oil, giving particular attention to the fact of whether or not the oil 
will attack the metals used in the bearings or in the oiling system. 
Also consideration of the viscosity of the oil is important. Generally 
the desirable viscosity of the oil is determined by the mechanical con- 
dition of the parts for which it is used for lubrication. Thus, if it is 
desired to lubricate an ammonia compressor cylinder, the mechanical 
condition of the compressor, valves, the piston rings, etc., will deter- 
mine, in a large measure, the viscosity of the oil to be used. 

Oil for Refrigerating Plants.— The selection of a suitable oil for the 
various parts of ice making and refrigerating plants presents more 
difficulties than are encountered when selecting oil for a steam power 
plant. The oil must have a comparatively high flash point, ranging 
from 300° to 400° F. On the other hand, it is evident that the oil 
should have a low congealing point. This is due to the fact that it is 
impossible to keep some of the oil from getting into the evaporating 
coils, under which condition, if the oil has a comparatively high con- 
gealing point, it will accumulate on the cold surfaces, thereby reducing 
the heat transmission rate of the surface materially. The exact con- 
gealing point will depend upon the relative temperature used in the 
evaporating coils. In general the congealing point of oil used in the 
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refrigerating plant varies from +3’^ U» —40 F. Straiglil mineral oils 
are used largely for lubricating piirj)oses in the refrigerating plant. 
These oils are highly refined and liltered straight run distillates. The 
mineral oil does not show a tendency l<> absorl) muisture so readily 
and it has a comparatively lower setting point than the conip(*unded 
oils. The compounded oils are those which have been compounded 
with an animal or vegetable oil. 

In addition, the straight mineral oils do not seem to saponify as 
readily as the compounded oil. The acidity should receive attention 
also. Generally not more than 0.03 milligrams of potassium hydroxide 
should be required to neutralize one gram of the oil. The oil should 
separate completely in thirty minutes from emulsions made with dis- 
tilled water, one per cent salt solution <»r normal caustic soda solution. 

Properties of Oils. — In oils for refrigerating machines the principal 
properties to be considered are; the dash point, the viscosity range, 
and the cloud and pour points. 

The flash point is the temperature at which the vapor above the 
surface of the oil will (lash or momentarily ignite when a flame is ap- 
plied to the vapor. The lire test is the temperature at which the oil 
will burn continuously when ignited. The lire and flash points are 
usually determined by an open cup flash and fire tester in the lab- 
oratory. 

The determination of the viscosity is another laboratory test. The 
viscosity is the measure of the fluidity of the oil. The viscosity is usu- 
ally determined by the Saybolt Standard Universal Viscosimeter. The 
viscosity as determined by the Saybolt \'iscosimeter is the time re- 
quired in seconds for 60 c.c. of oil to flow through a given standard 
orifice. As the visco.sity of the oil will vary with the temperature, it 
is customary to compare the oil at a given temperature. Oils for the 
refrigerating plant will generally be tested at a temperature of 100® F.. 
while heavy oils for steam cylinders, motors, etc., will he tested at a 
temperature of 210® or 212° F. 

The relative viscosity of the oil may be determined in a practical 
manner as follows; A small glass tube with a contracted end, such as 
a medicine dropper, is filled to a certain depth with oil. The number 
of drops falling from the tube in one minute is an indication of the 
relative viscosity of the oil. Or, drops of oil may be placed on the 
edge of a piece of glass, after which the glass is tilted. The time re- 
quired for each drop to reach the lower edge of the glass will give a 
means of comparing the relative viscosity. 

Of especial importance in the ice making and refrigerating plants 
are the cloud and pour test of lubricating oils. The pour test of an oil 
is the lowest temperature at which the oil will flow. The temperature 
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(»t the pour test is usually taken as being 5° above the setting or con- 
gealing temperature. Paraffine oil will have a higher pour test than 
the asphaltic base oils, due to the presence of a small percentage of 
paraffine wax in the oil. Paraffine wax has a melting temperature of 
1 10’ to 1 1 5® F., and when in solution with a lubricating oil it will cause 
the oil to congeal at a comparatively high temperature. The tempera- 
ture at which the oil becomes cloudy due to the separation of the par- 
affine wax is called the cloud test. 

Fig. 195 shows a practical method that may be used to determine 
the cloud and pour test by the operating engineer. 

The freezing mixtures commonly used are as follows: 

For temperatures down to 35° F., ice and water. 

For temperatures down to — 5° F., crushed icc and sodium chloride. 

For temperatures down to — 25° F., crushed ice and calcium chloride. 

For temperatures down to — 70° F., solid carbon dioxide and acetone. 


If refrigerating compressor 
oil does not have a sufficient- 
ly low congealing tempera- 
ture it tends to remain in the 
e\’aporator and is difficult to 
remove. Therefore the pour 
test is important. 

It is sometimes desirable 
to make an evaporation test 
of oil. To do this, a small 
quantity is placed in a shal- 
low dish and carefully 
weighed. The dish and the 
oil are then exposed to a 
temperature of 212® F. for. 
four hours, after which the 
dish and oil are weighed 
again. The loss should not 
be more than 0.25 to 0.50 per 
cent. The most important 
thing derived from the evap- 
oration test of oil is the con- 
dition of the oil after it has 
been exposed to a higher 
temperature. The one hav- 
ing a greasy, oily residue 
will be the one most suitable 
for lubrication, and the one 
having a sticky or tough rcs- 


Fig. 195. — Practical Apparatus for 
Testing Oil. 
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idue should be rejeclcd, because such oil would pmduce deposits in the 
c\ Under, thereby jjiving unsatisfactory results. 

The acidity of the oil should be carefully noted, it must be remem- 
bered that the function of the oil is to produce a separating lilin be- 
tween the highly polished surface of the bearings. Trom this it is 
evident that the oil must not attack the metals of the bearings. Sul- 
phuric acid is used during the preparation of the oil and may be present 
in small quantities. The presence of sulphuric acid may be determined 
bv litmus c)r phenolphthalein paper after the oil has been thoroughly 
washed with warm water. Another simple test for acid in the oil is 
to immerse in a sample of the oil a piece of highly polished copper for 
24 hour>. There should be no change in the brightness of the polished 
surface at the end of 24 hours. If acid is i)resent, the surface will be 
dulled. 


Oil for Compressors. — .Ammonia compressor cylinders of the open 
type, either in horizontal or \ertical position, may be lubricated with 
oils having Saybolt viscosities ranging from 130 to 180 at 100^ F. ; 
setting points varying from +5® to =25® F. ; with flash points varying 
from 325° to 400® F. The bearings of this type of machine may be 
lubricated with oil having a viscosity varying from 175 to 250 at 100° F. 
Carbon dioxide cylinders of the same construction may be lubricated 
with an oil having a .Saybolt viscosity of 130 to 180 at 100° F., a setting 
point of —25° F., and a flash point of v325° to 360° F. The bearings of 
the open type carbon dioxide machine may be lubricated with oil hav- 
ing a Saybolt viscosity varying from 175 to 250 at 100° F. 

The small vertical enclosed type compressor using cither ammonia 
or carl)on dioxide should be lubricated with an oil having a Saybolt 
viscosity ranging from 00 to 70 at 100° F., a setting point of —40° to 
—50° F,, and a flash point of 300° to 325° F. The larger vertical en- 
closed type compressor, using either ammonia or carbon dioxide, may 
be lubricated with an oil having a Saybolt viscosity of 130 to 180, a 
setting point of —25°, and a fla.sh point of 325° to 3(^° F. 

Ammonia compressor cylinders of the open type construction arc 
generally lubricated through the stufling-box. The small vertical sin- 
gle-acting enclosed types of compressors are sometimes lubricated by 
the splash oiling system. The larger type of vertical enclosed type 
compressors are lubricated by the positive force-feed oiling system. 
The forced-feed oiling sytem is sometimes installed on the larger com- 
pressors of the open type of construction. The pressure required for 
forcing the oil to the various rubbing surfaces is generally supplied by 
means of a pump or an overhead oil tank. The system is more or less 
automatic and consists of an oil shelter, storage tank, water separator, 
oil pump, oil connections, and sight-feed oil valves. 
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In the open type of machine, all of the moving parts arc protected 
l)y steel guards which are removable, the purpose of this being to 
prevent as much as possible the waste of oil. Instead of using the cen- 
tral oiling system as previously described, the compressors of the open 
type may be equipi)ed witli manually or mechanically operated lubri- 
cators. Thus, the stuffing-box may be supplied with a pump which 
may be operated cither by hand or by connection to some moving part 
of the compressor. Adjustable sight-feed oilers may be provided for 
the crosshead guides and the main bearings of the machine. The 
wiper, oiler and cup, or one of telescopic design, may be provided for 
the crosshead pin, while a centrifugal oiler of tlie pendulum type may 
be installed to supply the oil for the crankpins. 

Anhydrous ammonia does not seem to affect the oil that is allowed 
to get into the compression system at such temperatures which exist 
in this type of system. However, in the presence of such impurities as 
water, etc., ammonium hydroxide may be formed which w’ill have an 
emulsifying effect on the oil. This emulsion may collect in certain por- 
tions of the system in small quantities. In the selection of the oil for 
the ammonia compression system, attention should be directed more 
jjarticularly to the physical properties rather than the chemical prop- 
erties of the oil. In a similar manner, carbon dioxide does not seem 
to have any particular effect upon the petroleum lubricating oil, under 
which condition it will be observed that the lubrication of carbon 
dioxide compressors is quite similar to that of the ammonia com- 
pressor. 

Oil for Steam Engine Cylinders. — In ice making plants, where the 
exhaust from the main steam engine is condensed for the purpose of 
supplying water for ice making as in the distilled water ice making 
system, especial attention must be given to the selection of the lubri- 
cating oil for the steam cylinder. Some of the cylinder oil used for 
the lubrication of the steam engine cylinder may find its way into the 
ice. The presence of the oil is always objectionable, due to the fact that 
it may cause a discoloration of the ice, or give it an unpleasant odor or 
taste. The compounded oils have been found to give more trouble in 
this respect than the straight mineral oil ; therefore, the cylinder oils 
for use in the steam cylinder of ice making plants should be pure 
mineral uncompounded oils. 

The pure mineral oil is more easily separated from the exhaust 
steam. In the use of compounded oils, the presence of the various 
constituents aids the formation of emulsion which makes the oil diffi- 
cult to be removed from the exhaust and condensed steam resulting in 
contamination of the boiler feed or ice water. 



OPERATION AND CARE OF APPARATUS 


591 


QUESTIONS ON CHAPTER XIX. 

1. Whal is the main principle of good packing? 

2. Name four requirements of a good packing. 

3. What are the different kinds of ammonia packings which arc 
used at present? 

4. Describe the types and individual characteristics of the different 
kinds of packing. 

5. Explain where the different types of packing are used generally. 

6. What are some of the general conditions in machinery which 
determine the kind of oil to be used? 

7. What kind of oil should be used generally in a refrigerating 
plant? 

8. Describe the methods of testing lubricating oils. 

9. State the general characteristics of oil suitable for compressors. 

10. What kind of oil should be used in steam engine cylinders in 
refrigerating plants? 
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WORKING TEMPERATURES AND PRESSURES.* 


Working Temperatures and Pressures. — In thermodynamic appa- 
ratus, certain working fluids must be employed in order for the ap- 
))aratus to accomplish its functions. The physical properties of the 
various working fluids arc characteristic of each fluid, and in general 
the pressures and temperatures in the thermodynamic apparatus arc 
the physical properties that determine the selection or rejection of a 
given substance. As indicated in Chapter III, the relation between 
the temperature and pressure of a given working fluid is always def- 
inite ; that is, increasing the temperature will cause an increase of pres- 
sure, while a decrease of temperature will cause a decrease of pressure. 

In certain industrial processes the magnitude of the pressure may 
be a determining factor in the selection of the working fluid. Thus, 
in a steam power plant, steam is used in order that the work may be 
performed by allowing the steam to expand or exert its pressure 
against a movable piston. 

On the other hand, the industrial processes may be such that the 
temperatures are the determining factors. For instance, in an ice 
making plant it is desired to remove the heat from brine and maintain 
the brine at a temperature of 15®. In order to do this some substance 
must be placed near the brine which has a lower temperature. Thus, 
in all industrial plants employing thermodynamic apparatus, certain 
working temperatures and pressures of the fluid must exist according 
to the nature of the plant. 

Temperatures and Refrigeration. — The science of refrigeration 
deals with the process of cooling bodies or substances below the tem- 
peratures of the surroundings by the extraction of heat from the body 
or substance in question. Thus, in the ultimate analysis, it should be 

• Considerable matter in this chapter has appeared in articles written by the author for Potver at 
various times, and permission has been granted for its refuse here. 

592 



WORKING TEMPERATURES AND PRESSURES 


593 


nulcd that rcfriscratinn is a thermal process in which temperatures arc 
of primary importance. It should be further noted that the process 
of cooling of a body implies the lowering of the temperature of the 

hodv. 

One of the fundamental laws of physical nature slates that heat 
always tends to flow or pass from a body or substance at a higher 
temperature to a body of lower temperature. Thus, if it is desired to 
hold a cold storage room at 25® F.. it is necessary to place in the room 
a material that has a lower temperature than the room itself. 

Hence, a pipe-coil containing ammonia or any other refrigerant is 
placed in the room. The pressure is maintained in the coil so that the 
temperature «)f evaporation may be 0® h. Then, due to the natural 
tendency, the heat in the rooms tends to flow through the coil into the 
boiling ammonia. The total amount of heat that may be transferred 
under these conditions depends u])on the mean lcm]>erature difference, 
the amount and arrangement r>f the cooling coil surface, and the unit 
heat transfer coefficient of the coil surface. It is obvious that the mean 
temperature difference is of primary importance. 

Temperature Differences in Cold Rooms, Etc. — The magnitude of 
the temperature differences between the varitnis elements of the re- 
frigerating plants depends upon economic considerations. Thus, the 
cost of power and the cost of the pipe-coil determine, to a very large 
extent, the magnitude of these temperature differences. 

The relationship between the temperature difference, the amount 
of heat transmitting surface, and the rjuantity of heat transfer arc 
shown by the following formula: 

H = K X A X m.t.d. 

In the foregoing formula, m.t.d. represents the mean temperature 
difference between the substances. If the temperatures of either of 
the substances vary, the mean temperature difference, m.t.d., may be 
determined by the methods given in Chapter VIII. From the Chapter 
Vni it will be remembered that the mean temperature difference is 
equivalent to the greater temperature difference of the two fluids mul- 
tiplied by a coefficient. Expressed in symbols, this may be stated as 

follows : 

m.td. = g.t.d. X M 

where m.t.d. = mean temperature difference 
g.td. = greater temperature difference 
M = a coefficient 

The value of the coefficient, M, depends upon the quotient of the 
smaller temperature differences divided by the larger temperature dif- 
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tereiicc. and may be taken frotu Table 59 of Chapter VTIl, or from 
I'ig. 196 of this Chai>ter. When the temperatures of the fluids are con- 
stant, the mean temperature difference is simply the arithmetical dif 
ference of the two temperatures, and the heat that will be transferred 
under this condition may be expressed in symbols as follows: 

H = K X A X {t. -- L) 
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Fig. 196.— Coefficient for Mean Temperature Difference. 


From the foregoing, for a given amount of surface, it will be ob- 
served that the heat transfer is directly proportional to the mean tem- 
perature difference. In other words, doubling the temperature differ- 
ence would double the amount of heat transferred by the surface. Also, 
by means of the foregoing formula, it will be noted that if the quantity 
of heat to be transferred is held constant, increasing the amount of 
surface will affect the magnitude of the temperature difference in an 
inverse proportion. Thus, if the surface is doubled, the temperature 
difference would be decreased by fifty per cent. 
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Thus, it may be said that the larger amount of coil surface will 
jjroduce more economical operating conditions, due to the fact that the 
suction pressure may be carried at a higher point. The suction pres- 
sure should be carried as high as possible and still maintain the desired 



temperatures. The principal advantage of using a higher suction is 
due to the fact that less power is required per ton of refrigeration as 
the suction pressure becomes higher. An additional advantage of 
higher suction is that the tonnage capacity of the compressor per cubic 
foot of displacement increases as the suction is increased. 
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III order to convey to the reader an idea of the ma^^^nitude of these 
tani>erature differences, Figs. 197 and 198 have been prepared. Fig. 
I h indicates the relation between the temperature of cold storage 
rooms and the temperature of the evaporating ammonia in the cooling 
coils. Ihc.se temperature differences should he maintained in order 
to secure economical operation. 



Fig. 198. — Difference of Temperatures Using Brine Coils. 


The following \alues, taken from Fig. 197, will indicate the varia- 
tion of the temperature differences as the room temperature increases: 


Room temp -10 0 10 30 30 40 50 60° F. 

.Ammonia temp -25 -15 '-5 3 10 16 22 26° F 

Temp, diff -15 15 15 17 20 24 28 34° F. 
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In a similar manner, l*ig. 198 illustrates the relationship of the room 
temperatures, brine temperatures and ammonia temperatures, in a re- 
frigerating plant in which the rooms are cooled by brine coils. In this 
type of plant the total temperature dift'erence between the room and 
the ammonia is somewhat greater, due to the fact that the brine must 
be at a lower temperature than the room, and in turn the ammonia tem- 
perature must be below that of the brine in order to remove the heat. 

The following tables will show the temperature differences which 
will promote efficient operation: 

Room temperature, deg. F -10 0 10 20 .10 40 50 

Brine temperature, deg. F -20 -12 -4 4 12 20 28 

Temperature difference, deg. F.. 10 12 14 16 18 20 22 

Room temperature, deg. F -10 0 10 20 30 40 50 

Ammonia temperature, deg. F — -28 -20 -13 -6 1 8 13 

Temperature difference, deg. F. . IS 20 23 26 29 32 37 

Brine temperature, deg. F -20 -12 —1 4 12 20 28 

Ammonia temperature, deg. F. .. . -28 -20 -13 -(y 1 8 13 

Tcmpeniturc difference, deg. F... 8 8 9 10 11 12 15 

By reference to Tigs. 197 and 198 the lemperalure <'f the ammonia 
that will produce the desirable results may he ascertained. Then by 
reference to taldes of properties of ammonia, the pressures of saturated 
ammonia corresponding to variovis temperatures and hence the .suction 
pressures that should he used may he obtained. 

Suction Pressures and Temperatures.— I'rom the foregoing, it is 
possible to obtain the suction pressure and temperature that should be 
used to accomplish the desired result. It is of interest to note the 
ways and means of securing these temperatures and ])ressures. as well 
as the maintaining of same. 

Since it is the province of refrigeration to deal primarily with tem- 
peratures, it is obvious that efficient methods of temperature indica- 
tions must be employed in order to accomplish the proper results. 

In the first place, the thermometers should be accurate temperature 
indicators; they should possess extreme sensitiveness and they should 
be rugged in strength and of durable construction. In the second place 
they should be installed properly. They should be located so that they 
may be easily consulted. This condition will result in intelligent read- 
ings at the proper intervals. 

In case of the suction side of the system, the thermometers are in- 
stalled near the coil ends, or, preferably, in the suction connection near 
the compressor. Of course, the type and size of plant governs the 
amount and kind of thermometers and gauges which should be in- 
stalled. Generally speaking, the investment of capital in such instru- 
ments is the wise and proper plan. 
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Ordinarily, on suction connections to compressors, a recording 
pressure gauge, together with a thermometer, will afford excellent 
means of regulating the suction pressure. On the other hand, the ad- 
\ antagcs of ha\ ing permanent reci>rds of pressures and temperatures 
in the form of charts from recording instruments are obvious. The 
plant may he o])erate<l efficiently only when the knowledge of the con- 
ditions is accurate. 

After the temperature of the return gas has been ascertained, the 
exact state of the refrigerant may be determined by consulting a table 
of the properties of the refrigerant. 

Furthermore, the actual regulating of the evaporating coil pressure 
and temperature is obtained by the proper manipulation of the “ex- 
])ansion" vahes. These valves should be regulated so that the suction 
gases will have only 5® to 10® of superheat at the compressor. ,The 
ease of regulation is affected by the design of the piping system, the 
installation of traps and separators, etc. 

When the \ apors come to the compressor in the saturated state the 
largest weight of refrigerant will be handled and thus the larger 
amount of refrigeration will be produced. In the case that horizontal 
compressors are used, the frost should be allowed to come back to the 
compressor manifold. Likewise, in some plants where the suction 
pressure is quite low, it may be found advisable to allow a small amount 
of liquid to enter the compressor to provide a means of preventing high 
temperatures at the end of compression. 

In a similar manner, the use of thermometers facilitates the opera- 
tion of vertical compressors, since in this type of compressor it is not 
so advisable to allow liquid refrigerant to enter the cylinder. This is 
due to the fact that the vertical machine may not handle the moist 
A’apor as efficiently as the horizontal type. The use of thermometers 
will show the proper degree of superheat for proper operation. 

Many operating problems may be readily solved by reference to 
accurate temperature indications. The case of exceedingly high suc- 
tion gas temperature may be considered. In a plant where the suction 
gas is many degrees above the temperature corresponding to the pres- 
sure, several causes may be suspected, such as leakage of compressor 
valves or lack of ammonia. 

In addition to the variation of the temperatures in the low pressure 
side of the refrigerating system, it may be said that the pressures will 
vary considerably. The suction pressure may be either too low or too 
high for a given set of working conditions. There are many things 
that may cause an untrue pressure. One of the things that may com- 
monly occur in ice making and refrigerating plants is the clogging of 
the expansion valve either by frozen water or oil, scale, or other foreign 
matter. Another thing that may happen sometimes in a refrigerating 
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plant is that the suction strainer, which is generally located just before 
the compressor, will become clogged in practically the same manner 
as the expansion valve. . In either case, it requires an increased pres- 
sure to force the refrigerant through the obstructed areas, which means 
that the pressure in the coils or in the connections near the compressor 
will be materially reduced. 

The collection of foreign matter on the evaporator surface adds 
resistance to the flow of heat. As the quantity of heat to be transferred 
and the magnitude of the surface remains constant, the heat can be 
made to flow against the increased resistance only by increasing the 
temperature difference. This, in turn, will mean a lower temperature 
of the refrigerant, which means that the suction pressure must be car- 
ried at a correspondingly lower point. The lack of a suffleient quanr 
tity of refrigerant will sometimes cause a low suction pressure. This 
is probably due to the fact that when the coil is normally charged with 
liquid, the presence of the liquul refrigerant will tend to increase the 
rate of transmission of heat. 

In a similar manner, a number of things may cause a high suction 
pressure. Sometimes, when the expansion valve has been clogged, the 
pressure in the evaporator will become so reduced that the obstruction 
will be forced through the restricted area in the expansion \ alve. Im- 
mediately following this action, an undue quantity of licjuid refrigerant 
passes into the evaporator which causes the suctitm pressure to in- 
crease above the normal. If there is not sufficient quantity of liquid 
in the refrigerating system to properly seal the outlet in the liqui<l 
receiver, the gaseous refrigerant will pass directly through the evapo- 
rator. Under continued operation in this manner, the suction pressure 
can become higher than the normal pressure. If the suction valve on 
the compressor leaks considerably, the compressor will not be able to 
remove the vapors of the refrigerant as fast as they form, under which 
condition the suction pressure will go to a higher point, the frost will 
melt from the suction connections, etc. 

Discharge Temperatures. — The proper regulation of the discharge 
temperature is an important consideration in the successful operation 
of the refrigeration plant. This is due to the fact that if the tempera- 
tures at the end of compression are allowed to become fairly high, the 
ammonia or other refrigerant may lend to disintegrate into the elemen- 
tary constituents. This leads to the presence of non-condensable or 
permanent gases in the system. 

The temperature of the gases at the end of compression depends 
upon the ratio of the absolute condenser pressure to the absolute suc- 
tion pressure, or in other words, the ratio of compression, and upon 
the degree of superheat of the suction gases. The degree of superheat 
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‘T the condition ol the Miction vapors may be regulated by means of 
proper adjustment of the expansion valves. 

Under ordinary c<)ndition>, it is adv isable to provide means of ascer- 
taining the temperature of the discharge gases. Indicating or record- 
ing thermometers may be installed. However, it should be evident 
that the operation of the compressor is determined primarily by the 
temperature and pressure of the suction vapor, and that the discharge 
temperature will take care of itself if the conditions are what they 
should be on the suction side of the machine. 

1 he thermometer in the discharge main will be found useful in the 
event that the thermometer in the suction main is broken or out of 
order, .since it would be possible, by reference to the engine room log, 
to determine just what the suction temperature should be in reference 
to the discharge temperature. 

'I'o .sum up the considerations of the temperatures and pressures of 
the suction and discharge gases, the following statements may be 
made: The suction prc.ssure should be carried as high as possible, 
maimainitig at the same time the desired temperatures. The suction 
\ tipor should enter the compressor as near as possible to the saturation 
temperature corresponding to the pressure, without increasing the 
danger of getting liquid ammonia into the compressor cylinder; that 
is, the suction vapor should be only slightly superheated. The di.s- 
charge pressure should be kept as low as possible, giving especial at- 
tention to the quantity' of water available and the amount of condenser 
surface. The discharge temperature should be kept as low as possible. 

Thus, the operating engineer must be provided with means of as- 
certaining the temperature and pressure of the refrigerant as it passe.s 
through the compressor. The engineer will then be in a more advan- 
tageous position to operate the compressor in the most efficient man- 
ner. 

It is well to observe some of the things which will cause the com- 
pressor to bectune extraordinarily hot, as it may at times. If the vari- 
ous parts of the compressor are not accurately machined and in proper 
alignment, undue amount of friction may re.sult. This is especially 
true if the center line of the cylinder docs not coincide exactly with 
the center line of the frame. Another action which tends to heat up the 
compre.ssor cylinder is the leikage of the compressed gases around the 
piston rings or through the discharge valve. This produces an action 
which is similar t(j churning and the temperature will gradually in- 
crease. Insufficient lubrication of the compressor cylinder and the 
compressor stuffing box will allow the friction to increase to an ex- 
cessive amount. The work required to overcome the friction is con- 
verted into heat which heats the compressor several degrees above 
normal operating temperature. 
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Other Uses of Thermometers. — Tlie vise uf llicrniometcrs is esseu- 
lial to the efficient operation of ammonia condensers. The performaiue 
of the various sections may be controlled by obhcrving the temperature 
of the water leaving the various coils. These temiieratures may he 
determined by installing suitable thermometers. 

The temperature should be approximately the same lor all of the 
coils to operate evenly. By proper temperature indications and manip- 
ulation of valves, it is an easy matter to operate the various types of 
condensers. Of course, it is well to employ thermometers to in<licalc 
ihe temperature of the water into and out of the condenser. 

The same general consiilerations apply to the operation of brine 
coolers also. In the event tliat more than one cooler is employed, llier- 
monietcrs should be located in the brine outlets of each coil or cooler. 
This facilitates the dividing of the cooling work evenly among the 
coolers. Of course, thermometers should be installed in the main brine 
lines to indicate the average cooling of the total amount of brine. 

It is well to use recording thermometers for determining the tem- 
perature range of the water through the condensers and the brine 
through the brine coolers. These furnish permanent records of the 
daily operating conditions. 

Since the' temperature of the liquid ammonia just before the ex- 
pansion valve has a direct bearing upon the refrigerating effect of the 
ammonia in the evaporating coils, it is evident that a thermometer 
should be installed in the liquid line at a point just before the expan- 
sion valve. The temperature at this point has not only a bearing on 
the refrigerating effect, but also is a factor in determining the advis- 
ability of aftercooling the liquid ammonia. 

It is hardly necessary to mention the use of indicating and recording 
thermometers for ascertaining and recording the temperatures of cold 
storage rooms and other refrigerated spaces. 

The operating engineer should study his own individual plant witli 
the view of determining the most economical working temperatures 
and pressures. He should then adopt efficient means of ascertaining 
and maintaining these temperatures and pressures. 

A Guide to Correct Compressor Operation.* — Leakage in a com- 
pressor might go on for years running up the power bills and cutting 
down production, and not be detected by the engineer. But it is a 
simple matter to have a constant indication of the correct performance 
(jf the machine. Fit a thermometer well in the discharge of the com- 
pressor, and it will tell, with the aid of the chart given in Fig. 199, just 
how good or how bad the performance is that day. At the same time 


* Thoms M. Ounn. Vacuum Oil Co., in N. A. P. R. E. Bullelsn No. 40 . 
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another thermometer should be installed on the compressor suction 
pipe, if one is not already there, in order to check up on the condition 
of the suction gas. 

Here are the reasons why the thermometer on the discharge tells 
such an important story. The temperature of discharge gas is high 
l>ecause each pound of gas compressed has received added heat energ}’ 
just ec|ual to the amount of work expended in its compression. If 



Fig. 199. Chart Showing Discharge Temperature for the Ideal 

Ammonia Compressor. 


compression is efficient, the work is comparatively small. There is a 
correspondingly small rise of temperature during compression. If 
compression is less efficient, there is more work done on each pound 
of gas, and its temperature is correspondingly greater. Each of these 
causes inefficient performance, tends to increase the work done per 
pound of gas compressed, and hence to increase the discharge tem- 
perature. 
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The diagram shown in Fig. 199 gives tlic discharge temperature in 
an ideal compressor, sucli as was described at the beginning of this 
article. Fortunately, in an actual compressor operating properly and 
normally, the discharge temperature is usually not far from what is 
shown by this chart. All compressors have their peculiarities, and 
each will show certain tendencies to give higher, or possibly lower, 
discharge temperatures than given by this chart. .\ change, such as a 
broken piston ring or chipi)ed valve, will have an imme.liate effect on 
this discharge temperature. 

As an example of the use of this chart, suppose that we read gauges 
and find the head pressure to be 190 lbs. and the back pressure to be 
15 lbs.; and that the thermometer on the discharge reads 290° F. while 
that on the suctum re;ids 5° F. 

Referring to the chart, Fig. 199, find the point at the bottom for 
15 lbs. back pressure, and from there draw a vertical line A-B to the 
top scale, where the temperature of evaporation may be read, which is 
“minus one degree F.’’ Hence the suction gas, as shown by the ther- 
mometer, is superheated 6° F. ' 

Next, find the head pressure. 190 lbs. on the scale at the left, and 
draw the line C-D horizontally across the diagram. The pfiint D on 
the scale at the right shows a condensing temperature of 90° F. Where 
the. two lines intersect, E. notice the diagonal lines. E is between the 
two lines marked 250° and 260°. and may be read 252° F. This is the 
discharge temperature of the ideal compressor. This particular com- 
pressor. we have assumed, showed a discharge temperature of 290° F.. 
or 38° higher than the figure for the ideal compressor. 

This difference is more than there should be in a well designed 
compressor. If we had found a suction superheat of 20° or 25°, instead 
of only 6°, it would be sufficient to explain this high discharge tem- 
perature, but as it is, there is probably some other cause of high dis- 
charge temperature, such as: 

Valves stick open or stick shut 

Valve springs too heavy 

Valve lift insufficient 

Valves or seats injured and leaking 

Piston rings broken 

Piston rings so worn as to fail to press on walls 

Ring slots in piston worn 

Ring ends poorly fitted 

Rings stuck in slots by deposits 

No effective oil seal between rings and cylinder walls, producing 
leakage and frictional heat. 

When the engineer knows there is trouble to be remedied, he soon 
finds it. This chart and the useful thermometer soon become infallible 
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indications in the hands of a man who watches conditions from day to 
day— especially if he keeps a log. 

There are, of course, conditions that may reduce the discharge tem- 
perature below that of the chart. For instance, the expansion valve 
may be so open as to cause some liquid to return to the compressor, 
perhaps as a spray or fog. This has a marked lowering effect on the 
discharge temperature. 

Engineers in certain parts of the world like to ha\ e such a liquid 
fog in the suction gas, and even go so far as to fit a small expansion 
valve to inject into the suction. It reduces the temperature of the cyl- 
inder and stuffing box, and so makes lubrication easier. Where this 
practice is followed it is common to regulate the liquid injection in 
accordance with the discharge of temperature. This has the objection, 
however, that with “wet compression,” as this is called, there is no 
chance to detect leakage or other faults, as we have explained, by 
means of the discharge temperature, because any of these smaller eff 
fects are covered up by the greater effect of the liquid injection. 

All of the foregoing discussion has referred to ammonia compres- 
sors. Carbon dioxide compressors are often installed in hospitals, 
theatres and other public buildings. The same condition holds for 
them also, except that another chart is necessary. The data of carbon 
dioxide is not as exact as for ammonia, but the accompanying chart, 
Fig. 200, has been compared with practice and appears to have equal 
value for use in checking the performance of these compressors. 

Pressures in the Compressor Cylinder. — In order to operate the 
compressors in the most efficient manner, the operator must know how 
the pressures vary during the strokes of the piston in the compressor 
cylinder. The operator generally makes use of a pressure indicator 
for determining the magnitude of the pressures at the different points 
of the stroke. There are several efficient types of indicators upon the 
market, any of which if properly handled will provide a means of as- 
certaining the pressures at the different points of the stroke. 

The general method of the variation of the pressures in a compres- 
sor cylinder during a revolution of the compressor may be observed 
by an inspection of Fig. 201. This figure shows a cross section of a 
compressor cylinder upon which the diagram CDEF has been super- 
imposed. The distances along the line OB represent units of pressure, 
while the distances along the line OA represent the different magni- 
tudes of volumes. If the piston is at the right-hand end of the cylinder 
and the pressure is 30 lbs. per sq. in. abs., this condition would be 
represented by point C on the diagram. As the piston travels to the 
right-hand end of the cylinder the gas is com])ressed until at point D 
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it is equivalent to or slightly higher than the pressure in the coiulenser. 
The discharge valve will, therefore, open and the compressed gas will 
be discharged into the condenser as indicated by line DB. 
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At point E, the piston reaches the end of its stroke at the left-hand 
end of the cylinder, and its motion is reversed by the connecting rod 
and crank mechanism. The compressed gases left in the cylinder at 
the end of the stroke, as represented by the distance that point E is 
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from the cylinder head, will expand as the piston moves toward the 
right, until at point F the pressure has been reduced within the cyl- 
inder to or slightly below that in the evaporator. At this point F, the 
suction valve opens and the vapor of the refrigerant flows into the 
cylinder as indicated by line FC, until the piston comes to rest at the 
right-hand end of the cylinder. The diagram CDEF therefore repre- 
sents graphically the variation of the pressures in the cylinder during 
all points of the suction and compression strokes. 



Fig. 201. — Compressor Cylinder with Pressure Volume-Diagram. 


The pressure indicator is simply a mechanical device for drawing 
to a reduced scale the diagram CDEF of Fig. 201. The stroke of the 
piston is' generally reduced to 3 or 4 in., while the height of the diagram 
is reduced to or 2 in. by using a suitable scale for the spring in the 
indicator. From Fig. 201 it will be noted that the distance OA rep- 
resents volume or space, while the distance OB represents force or 
pressure. The diagram CDEF, therefore, really represents the rela- 
tionship of the pressures and volumes of the ammonia during the cycle 
of operation. 

Relationship of Pressure and Volume. — The relation between the 
pressure, volume and temperature of any perfect gas is definite and is 
characteristic for each substance. Boyle’s law states that if a gas is 
compressed at a constant temperature the pressure will vary inversely 
as the volume. This means that the product of the pressure and vol- 
ume at the various points of the compression will remain constant. 
Thus, if PiVj, PjVa, P 3 V 3 represent the various conditions the fol- 
lowing will be true: 
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P.V. = P,V, = P,V, = etc. 

When a gas is compressed or expanded at a constant temperature, 
the process is termed “isothermal compression or expansion.” 

In the study of the actions of vapors and gases during compression 
and expansion’ it will be found that the various gases will obey certain 
characteristic laws which may be expressed symbolically as follows : 

PV“ = a constant 

P = absolute pressure, lbs. per sq. ft. 

V = volume of 1 lb. 

n = characteristic index of exponent 





Pig. 202. Isothermal and Adiabatic Compression Curves. 


The foregoing law means simply that the product of the pressure 
in pounds per square foot and the volume raised to the power indicated 
by the exponent will always equal a certain constant for a given gas. 
If the mode of the compression of the gas is such that the substance 
neither receives nor rejects heat as such, the process is said to be 
adiabatic. In this case the value within is determined by the magni- 
tude of the specific heat at constant pressure and at constant volume. 
The exponent is generally denoted by k, and the relationship is shown 

as follows: 
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n - k - 

Cv _ 

where k = characteristic exponent for adiabatic compression 
Cv = specific heat at constant pressure 
Cp = specific heat at constant volimie 

The numerical values of Cp and Cv for ammonia are such that the 
\ alue may be represented by 1.28. The foregoin" law, therefore, means 
that the product of the pressure times the volume raised to the 1.28 
power at a particular stage in the compression will be equal to the 
pressure times the volume to the 1.28 power at any other stage. This 
may he represented symbolically as follows: 

P.V.iM = etc. 

Isothermal and Adiabatic Compression. — The foregoing laws de- 
termine tiic relationship between the pressures and volumes of am- 
monia or any other refrigerant during compression. When the com- 
pression is isothermal the temperature and also the product of the 
pressure times the volume are constant. This relationship may be 
more thoroughly appreciated by referring to the pressure-volume dia- 
gram shown in Fig. 202. In this diagram the volumes are represented 
by the distances along line OA, while the pressures are represented 
by the distances along line OB. Thus, if the pressure of a gas at point 
(' is known to be 30 lbs. per sq. in. abs. and the volume is known to be 
10 or unity, the volume and pressure at any other point may be readily 
determined. Thus, at point D, the gas may have been compressed at 
a constant temperature until the volume has been reduced by one-half, 
or in other words, point D is vertically above 5 on the axis OA. By 
means of Boyle’s law the following equation may be written: 

PcV< = PdVa 

Since the volume at C is equal to 10, the volume at D is equal to 5, 
and the pressure at C is equal to 30, the pressure at D may be found 
as follows : 

Pd X 5 = 30 X 10 
Pd = 60 

The foregoing law may be used to calculate the pressures at any 
point along the isothermal compression curve, when the conditions at 
one particular point are known. 

The determination of the location of the adiabatic compression 
curve from the perfect gas compression law (PV° a constant) is 
subjected to a slight inaccuracy due to the fact that the exponent “n” 
is not strictly a constant for ammonia. In fact, the value of “n” will 
vary from 1.25 to 1.30, depending upon the conditions of the gas com- 
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pression. When the adiabatic compression law PV" = a constant is 
used it is advisable to use a value of n = 1.28, as representing the aver- 
age for usual conditions. This method of locating the adiabatic com- 
pression curve in this manner has been described in many books and 
magazines so that a repetition of the same is not necessary here. 

more modern and accurate method of locating the theoretical 
adiabatic compression has been develo])ed by the author (Feb,, 1926) 
in some unpublished research work. In this new method, direct use is 
made of the properties of superheated ammonia, as given in the United 
States Bureau of Standards .Xmmonia Tables ( I'ages 71-84). 

During the adiabatic compression of the ammonia, heat, in the form 
of heat, is neither absorbed nor rejected by the gas. Remembering 
that entropy may be defined as the heat added or rejected during a 
process divided hy the absolute temperature, it will therefore be ob- 
served that the entropy during adiabatic compression must remain 
constant. This fact, together with data given in the Bureau of Stand- 
ards ammonia tables, make it possible to locate the adiabatic com- 
pression curve without reference to the perfect gas law. 

The operation of this method of locating the adiabatic curve is best 
illustrated by the following example: It is assumed that the pressure 
at the beginning of the compression is 35 lbs. per scj. m. abs. and that 
the temperature of the ammonia vapor is 50’ F. : that the compression 
pressure is 170 lbs. per .sq. in. abs.: that the compression is adiabatic, 
that is. a constant entropy process. From the superheated ‘immonia 
tables it will be fouml that the entropy of the vapor at 35 lbs. and iU 
F is 1 3756 and the specific volume is 8.895 cu. ft. per lb. After com- 
pression the pressure is 170 lbs. abs. and the entropy is 1-3756 also. 
From the tables it is found at this point, that the volume is 2.5A> cu. 
ft. per lb. Tt may be assumed that the ammonia compressor holds just 
8.895 cu. ft. at the beginning of compression. The 
placement produced to compress the ammonia gas to 170 lbs. is found 

as follows: 


8,895 — 2.593 


= 0.709 = 70.9% 


8.895 


The relative volumes and corresponding displacements for adia- 
batic compression to various pressures may be found in a similar man- 
ner, as shown in the following tabulation : 


Absolute 

pressure 

35 . 
50 . 
75 . 
125 . 
200 . 
300 . 


Percentage reduction 
of volume 
0.00 

23.8 

44.8 

62.8 

74.3 

81.3 
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It is evident that the points thus located represent the piston move- 
ment in percentage of reduction of total inside volume of the com- 
pressor cylinder. If the cylinder has no clearance, the points so located 
represent percentage of reduction of the stroke volume. In a cylinder 
liaving clearance, the points so located represent percentage of reduc- 
tion of stroke volume plus the clearance volume. 



Fig. 203.— Adiabatic Curve on Indicator Card. 


It will be observed that this method provides an accurate way of 
laying out the theoretical adiabatic compression curve. It is obvious 
that the method adapts itself to the determination of tlie location of 
the curve, as influenced by both temperature and pressure of the gas 
at the beginning of compression. Under actual conditions the am- 
monia vapor has several degrees of superheat at the end of the suction 
stroke. In this method, it is possible to consider this fact, and thus 
locate the compression curve more accurately. 

The practical use of the method is illustrated by Fig. 203, in which 
it is assumed that pressure at the beginning of compression is 35 lbs. 
abs. and the temperature of the gas is 50"^ F. ; that the compressor has 
no clearance and that the length of the indicator card is exactly 4.00 
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ins. and various horiz‘>ntal lines are drawn on the card at 50, 75, 125, 
200 and 300 lbs. abs. pressures, using, of course, the same scale as the 
scale of the indicator spring. The horizontal distance from a vertical 
line through the “toe” of the card along the 50 lb. pressure line to the 
adiabatic compression curve is found as follows, using the percentage 
of volume reduction given in a previous paragraph ; 

At 50 lbs. abs. compression pressure, 


r 


0.238 X 4.00 = 0-95 wf.. 


This point may therefore be located 0.95 ins. from the vertical line 
through the toe of the card along the 50 lbs. pressure. Additional 
points on other pressure lines may be found in accordance with the 

following tabulation; 


Compression 

pressures 

SO 

75 

125 

200 

300 


Percentase 

volume 

reduction 

0.238 

0.448 

0.629 

0.743 

0.813 


Lctifjtli 
of card 
4.00 ins. 
4.00 ins. 
4.00 ins. 
4.00 ins. 
4.00 ins. 


Horizontal 
distance 
to point on 
adiabatic curve 
0.95 ins. 
1.79 ins. 
2.51 ins- 
2.97 ins. 
3.25 ins. 


These points may be set off on the card by means of a scale gradu- 
ated in hundredths of an inch, by measuring along the various com- 
pression pressure lines from a vertical line through the toe of the card. 

The method may be used also to lay out adiabatic compression 
curves on cards taken from compressors with clearance. In this case, 
the factors representing the percentage of volume reductions up to the 
various pressures are multiplied by the length of the card plus an ad- 
ditional amount in proportion to the amount of clearance. The hori- 
zontal lines are then laid off on the card at various pressures. A ver- 
tical line is erected through the toe of the card, as previously men- 
tioned. The horizontal lines obtained in the foregoing manner are 
laid off along the horizontal pressure lines, thus locating several points 
on the theoretical adiabatic compression curve. A smooth curve may 

then be drawn through these points. 

The percentages of volume reductions vary with the pressures at 
beginning of compression and various compression pressure in ac- 
cordance with the properties of superheated ammonia vapor. 

The following tabulation (Table 95) shows how these percentages 
of volume reduction vary for various initial and final pressures. 

In the table of percentage of volume reduction, the pressures are 
given in lbs. per sq. in. abs. and the corresponding percentages are given 

as decimal fractions. 
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1 AHLE 95. — VOLL'ME ReDUCTIOXS DuE TO AdIABATIC COMPRESSION OF AMMONIA. 


Adiabatic Corapression Pressures, Lb. Absolute 
35 SO 75 125 200 


Abs. 

Suction , — 
Press. 25 


15 0.324 

16 0.291 

17 0.255 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 . . 

33 

34 

35 

36 

37 

38 

39 

40 
42 
44 
50 


0.480 

0.606 

0.453 

0.585 

0.426 

0.565 

0.401 

0.546 

0.375 

0.527 

0.351 

0.506 

0.324 

0.487 

0.302 

0.469 

0.277 

0.451 

0.252 

0.433 

0.229 

0.413 

0.205 

0.396 

0.183 

0.382 

0.1S7 

0.360 

0.133 

0.342 


0.328 


0.308 


0.292 


0.275 


0.257 


0.238 


0224 


0.207 


0.190 


0.175 

0.156 


0.127 

• 11 ^ 

0.094 


I « • « ♦ • ♦ « 


0.715 

0.808 

0.703 

0.798 

0.684 

0.791 

0.671 

0.778 

0.667 

0.770 

0.641 

0.760 

0.626 

0.750 

‘0.613 

0.743 

0.601 

0.734 

0.586 

0.723 

0.573 

0.715 

0.560 

0.705 

0.540 

0.697 

0.532 

0.688 

0.519 

0.678 

0.507 

0.671 

0.485 

0.662 

0.482 

0.654 

0.469 

0.645 

•0.457 

0.638 

0.448 

0.629 

0.433 

0.619 

0.421 

0.610 

0.408 

0.603 

0.397 

0.596 

0385 

0.587 

0.362 

0.572 

0.336 

0.555 

0.269 

0.510 


300 


• « • • • 


0.855 

# 1 * • 

0.850 


0.843 

^ * 4 * 

0.834 


0.829 


0.821 

t • * • 

0.816 



0.810 



0.800 

4 1 4 » 

0.797 


0.790 

4 9 * » 

0.788 



0.780 


0.775 

0.836 

0.769 

0.831 

0.761 

0.828 

0.757 

0,824 

0.750 

0.819 

0.743 

0.813 

0.738 

0.810 

0.734 

0.806 

0.726 

0.802 

0.721 

0.797 

0.716 

0.794 

0.704 

0.787 

0.693 

0.778 

0.660 

0.753 


Analysis of Indicator Cards. — Since the indicator card is really a 
pressure-volume diagram it can be readily used to ascertain the opera- 
tion of the valves, piston rings, etc. If the compression took place in 
a cylinder which was composed of a non-conducting envelope so that 
the refrigerant could neither absorb nor reject heat during compres- 
sion, the compression curve on the indicator card would follow the 
adiabatic curve. Practically there is some transfer of heat between 
the refrigerant and the compressor cylinder walls and there are some 
other factors that affect the location of the actual compression curves. 
In general, the actual compression curve on the compressor when it 
is in perfect mechanical condition will be only slightly below the 
adiabatic curve. The theoretical isothermal compression curve may 
be used also to some extent as a reference curve. 

In general, the actual compression curve of the indicator card will 
lie between the isothermal and adiabatic curve, being nearest to the 
adiabatic curve. The figures ABCD, AFCD, AECD of Fig. 204 illus- 
trate indicator cards which have been taken from a slow speed hori- 
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zonlal double acting niacbinc in which the clearance has been reduced 
to a minimum. The isothermal curve AH and adiabatic curve AC 
may be laid out on this card by dividing the length of the stroke 
represented by the card into ten equal parts, through which ordinates 
are drawn. The line // on the foregoing diagram represents the 
atmospheric pressure line. The absolute vacuum hue OX is laid out 
by locating this line at a distance l)elow IJ equal to the atmospheric 
pressure at the time that the indicator card was taken. Of course, 
these distances must be laid otY with the same scale that is used for 

the indicator card itself. 



Hv referring to the above, the corresponding adiabatic and iso- 
thermal pressures may be selected and laid off on the various 
In this case the compressor was operating between the pressures 
uf 30 and 200 lbs. absolute. By referring to the previous 
the adiabatic and isothermal pressures to V„ seen 

to be 34.5 and 33.3. These are laid off on ordinate ^ of Hg^ 2CH. aftei 
which the values corresponding to the volume V«, 40.2 and 37.5 are 
laid off on ordinate 8. etc., until the theoretica adiabatic and iso- 
thermal compression curve AG and AH are located. After the various 
points on these ordinates have been located, a smooth curve rnay be 
drawn through them. The general relation between the adiabatic 
curve AG and the actual compression curve when the compressor is 
in first-class mechanical condition is shown by the location of the 


actual compression curve AB. 

It will be noted that the actual compression curve is only slightly 
below the theoretical adiabatic compression curve. An indicator card 
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such as AFCD may be obtained under some conditions of operation. 
By inspection of the compression curve AF in comparison with the 
adiabatic curve AG, it will be noted that the pressures build up faster 
than they should as the piston proceeds through the stroke. This could 
be due to the fact that the discharge valve is leaking, allowing the 
high pressure gas to come back into the cylinder, which will cause 
the pressure to rise above the normal. Nearly the same effect could 
be caused by leakage of the gas past' the piston rings. Sometimes a 
card similar to AECD is obtained. By comparing the actual compres- 
sion curve AE with the adiabatic curve, it will be noted that the 
pressures are not as great as they should be as the piston progresses 
through the stroke. This would indicate that the gas is leaking out 
of the cylinder in some manner. The leakage is generally through 
the suction valve on the low pressure side of the system. 



The foregoing method of analysis may be applied to indicator 
cards which have been taken from compressors that have clearance. 
These are generally the high speed compressors. The diagram ABCD 
of Fig. 205 is an indicator card of this type. The absolute pressure or 
vacuum line OX is laid off approximately 15 lbs. below the atmospheric 
line EF. The clearance line OK is laid off by making the distance CG 
equivalent to the clearance in the compressor cylinder. After the 
clearance line OY and the vacuum line OX have been established the 
vacuum line OX is divided into ten equal parts as indicated by Fig. 205. 
After this has been done, the theoretical adiabatic and isothermal 
pressures corresponding to the various volumes may be calculated as 
previously indicated at a point corresponding to the suction pressure. 
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It is well to note what defects can be discovered by observing the 
line on the diagram representing the discharge of the gas from the 
cylinder. If the discharge valve sticks or binds, it is evident that the 
pressure in the cylinder must be increased to a considerable extent 
above that in the condenser in order to open the discharge valve. In 
Fig. 206 the condenser pressure is shown by line AB. The distance 





Fig. 206. — Compressor Defects Shown on Indicator Cards. 


CD indicates how much the pressure must be increased above the 
condenser pressure in order to open the valve when it is binding or 
sticking. The tendency of the discharge valve to vibrate is shown at E. 
This same form of curve may be also sometimes due to the defects 
of the indicator mechanism. In some compressors the gas may en- 
counter too much resistance as it is being forced out of the cylinder. 
The velocities of the gas through the passages may be exceedingly 
high, the spring on the valves may be too strong, and the valves may 
be quite heavy. Under these conditions the pressure during the dis- 
charge of the ammonia from the cylinder will be considerably above 
the condenser pressure. A condition of this sort is shown along line 
FG. Line HI represents the condenser pressure, while line FG repre- 
sents the average discharge pressure in the cylinder. 

In a similar manner, the indicator diagram can be used to discover 
defects of operation in the suctipn valves. Line JK shows how the 
pressures will vary when the suction valves stick or bind, so that the 
pressure must be reduced considerably below that in the suction con- 
nections in order to open the valve. Line LM represents the pressure 
in the suction main, and the distance ON represents the depression of 
the pressure required to open the valve. If the suction valve sticks 
or binds it may not close until the piston has started on the compres- 
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sion stroke for a considerable distance. This is shown at point P, at 
which point the diagram shows that the suction valve has closed and 
that the com[>iession of the gas has begun. 

In a manner similar to the discharge valve, the suction valve may 
be constructed so that the areas are limited, the springs may be too 
strong, and the valv es may be heavy. This means that the pressure 
in the cylinder must be considerably below the pressure in the suction 
line in order to force the gas into the cylinder against the resistances. 
This relation is shown by line QR. Line ST represents the pressure 
in the suction main and line QR represents the pressure in the cylinder 
during the suction stroke. Sometimes, if there is a considerable leak- 
age of the gas past the piston, the pressure in the cylinder will not be 
reduced enough to allow the suction valve to open until the piston has 
traversed a considerable portion of the stroke. This condition is 
shown by line UVX, while line WY represents the pressure in the 
suction main. Leakage of high-pressure gas past the piston or dis- 
charge valve will give the rounded expansion line Z. 

In addition to the foregoing, the operating engineer is able to dis- 
cover many other minor defects by means of the indicator. 

Working Temperatures and Pressures in the Condenser. — One of 
the most iniiH)rtant steps in the building and operating of an efficient 
refrigerating plant is that concerning an ammonia condenser which is 
adapted to the size and type of refrigeration system. The selection 
of the type of condenser to be used and the amount of condenser sur- 
face to be required depend upon several factors, of which the following 
are probably the most important: (I) Temperature of water supply: 
(2) amount of water available ; (3) nature and source of water supply ; 
(4) location of condenser and plant; (5) capacity of plant in tons of 
refrigeration ; (6) cost of pumping condenser water. 

Removal of Heat by the Condenser.— Before observing the effect 
of these factors on the size and type of condenser to be used, it might 
be advantageous to investigate the heat-transmission phenomena 
which underlie the operation of the condenser. The fundamental 
physical law underlying the operation of the condenser states that 
heat always tends to flow from a body of higher temperature into a 
body of lower temperature. The amount of heat removed by a con- 
denser of certain dimensions under given conditions depends on the 
area of the effective condenser surface, the rate of heat transfer through 
a square foot of condenser surface in a given lime for one degree of 
mean temperature difference of the ammonia and water, and the mean 
temperature clift’erence between the ammonia and water. Then, with 
a given amount of surface (having a certain heat-transfer rate), it is 
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necessary to have a mean temperature difference large enough to pro- 
duce a flow of heat that will condense the ammonia. The amount of 
heat removed by the condenser may be expressed as follows: 

h = kxaxm.t.d. 

in wliicli H = heat removed by the condenser, expressed in Btii, per hour ; 

A = area of the effective condenser surface; 

K = heat transfer coefficient, wliich is tlie rate of flow of heat in Btn. 
per sq, ft. per degree temperature difference per hour: 

M.T.D. = mean temperature difference between the aininonia and the water. 

In the superheated portion of the condenser, the heat flows from 
a gas to a liquid; in the liquefying part, from a condensing vapor to a 
liquid; and in the aftercooling portion, from a liquid to a liquid. On 
account of these conditions, the heat-transfer coefficient for these por- 
tions of a condenser have different numerical magnitudes, so the heat- 
transfer formula must be applied to each portion separately. 


Temperatures in the Condenser.— By noting the distribution of heat 
in the various parts of the condenser and by observing the mean tem- 
perature differences in these parts, the effect of the amount of water 
available and its temperature upon the selection of a condenser will 
more readily be understood. 

As an example, an ammonia compression system working between 
5° (33.79 lbs. abs.) and 86° (170.2 lbs. abs.) may be taken, when the 
liquid ammonia is aftercoolcd to 76® F. and a double pipe ammonia 
condenser is used. If the condenser water has an initial temperature 
of 70® F. and is heated to 82® in passing through the condenser, the 
following data* may he developed: 

T.\blf. 96. — Condenser Data. 


1. Temperature at end of compression, degrees F 213.5 

2. Temperature in saturated iwrtion of condenser, degrees F... 86.0 

3. Temperature of aftercoolcd liquid, degrees F 76.0 

4. Heat of superheat, B.t.u 82.4 

5. Heat of liquefaction, B.t.u 497.5 

6. Heat of aftercooling, B.t.u 11,6 

7. Heat removed in condenser, B.tu. per lb 591.5 

8. Heat removed by water, B.t.u. per lb 12.0 

9. Lbs. of water per lb. of ammonia 49.3 

10. Temperature of water at inlet of aftcrcooler portion 70.0 

11. Temperature of water at outlet of aftcrcooler portion 70.24 

12. Temperature of water at inlet of superheater portion 80.32 

13. Temperature of water at outlet of superheater portion 82.00 

14. Temperature difference at inlet of aftcrcooler portion 6.00 

|5. Temperature difference at outlet of aftcrcooler portion 15,76 

16. Temperature difference at inlet of superheater portion 5 68 

Vo difference at outlet of superheater portion 131.5 

18. Mean temperature difference aftcrcooler. m.t.d 10.1 

19. Mean temperature difference liquefier, m.t.d.i 9.85 

20. Mean temperature difference superheater, m.t.d.. 40.00 


• BaMd on Coodenouj^h-Mosfier tables. 
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This information is presented graphically by Fig. 207, which is a 
hcat-tempcrature diagram for a double-pipe ammonia condenser op- 
erating under the foregoing conditions of pressure and temperature. 
The line ABCD represents the change of temperature and heat content 
as the ammonia passes through the condenser. Thus in the superheater 
portion of the condenser the ammonia is cooled from 213.5° to 86° by 
the removal of 82.4 Btu. ; in the liquefier portion in changing from 
vapor to liquid at 86°, 497.5 Btu. are extracted; and in the aftercooler 



Fig. 207. — Heat Temperature Diagram for Double-Pipe Ammonia Condenser. 

portion the ammonia liquid is cooled from 86° to 76° by the removal 
of U.6 Btu. The line EFGH represents the change of temperature and 
the heat removed by the condenser water. The water rises from 70° 
to 70.24° in passing through the aftercooler portion, 72° to 80.23° in 
the liquefier, and 80.32° to 82° in the superheater portion. 

Temperature of Condenser Water. — With the ordinary amount of 
condenser water that is available and with a condenser of the usual 
amount of surface, the temperature of the ammonia must be high 
enough above the temperature of the- water to produce the flow of 
heat across the condenser surface. This may be appreciated by an 
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inspection of Fij^. 207 and the fundamental heat transfer formula. The 
liquefaction portion may be examined as an example. Line DC rep- 
resents the ammonia and line FG the water temperature. The mean 
temperature difference is equal to 9.85®. Then, by using the heat- 
transfer formula, the product of this mean temperature difference, 
M.T.D., the heat transfer coefficient, K, and the area of the surface, 
A, will give the total quantity of heat, II, removed by the condenser 
surface. 

Using water at temperatures higher than 70® would elevate lines 
DC and FG, and water of lower temperature would depress these lines. 
The elevation of line DC means higher condenser pressures. Generally 
speaking, it may be said that the mean temperature differences are 
diminished in actual practice as the water temperature increases. This 
means that the condenser using water at a high temperature will have 
more surface per ton of refrigeration capacity than one using cool 
water. Under average conditions the temperature of the water leaving 
the condenser will be from 5® to 10® below the temperature of the 
ammonia in the liquefying portion of the condenser. Generally speak- 
ing, it may be said that atmospheric and vertical shcll-and-tube con- 
densers are used when only very warm condenser water is available, 
while the double-pipe and closed shcll-and-tube types may be used 
when cooler water is available. 

Amount of Condenser Water Available. — With an abundant sup- 
ply of cooling water the temperature range may be reduced to the 
minimum, which tends to reduce the condenser pressure. Reducing 
the temperature’s range places the line Ell in Fig. 207 in a more nearly 
horizontal position. Likewise with the water scarce, the temperature 
range is greater and the line EH rises more sharply. It is apparent 
that in this case the condenser pressure will be higher. 

When the water supply is abundant, any type of condenser suited 
to the plant may be used, but when the water is scarce it may be 
found advantageous to select the double-pipe or closed shell-and-tube 
type using a long range of temperature on the water. 

The great benefit of evaporation with the atmospheric condenser 
is that it reduces the range of the water temperature. This in turn 
reduces the temperature of the condensing ammonia, which results 
in reduced condenser pressure. 

It must be remembered that there are three important factors that 
affect the condenser pressure which may be obtained in any plant; 
namely, the amount of effective condenser surface, the temperature of 
the water supply and the amount of water available for condensing 
purposes. The installation of a large amount of condenser surface is 
to be advocated for almost every plant. The installation of an addi- 
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tional amount of condenser surface is a question of initial cost, and 
the saving that is obtained by a reduced condenser pressure is, of 
course, a continual one. 

The water for the condensers is taken usually from one of the fol- 
lowing sources: (1) Deep wells; (2) rivers, lakes, or canals; (3) cool- 
ing j>onds or towers; (4) the sea. 

The waters that are pumped out of wells in the earth vary greatly 
in general makeup, which is especially true of the mineral matter 
content. Water containing a comparatively large amount of the dis- 
solved minerals is commonly termed “hard.” Now, these hard waters, 
upon l)eing heated as they pass through or over a condenser, may 
deposit scale or sediment on the condensing surfaces. 

The method of pumping also has a bearing on the precipitation of 
mineral matter from the water. A large amount of solids may be 
deposited I)y hard waters that are pumped by means of the air-lift 
])ump. This is especially true if an air separating tank is not installed. 

h'rom the foregoing, the conclusion may be drawn that if scale is 
deposited by hard water below 100® F., it is necessary to use the 
atmospheric types of condenser. The scale may be easily removed 
from conden.sers of this type. If the water is not very hard and 
deposits only a soft sediment or film of matter below 100° F., the 
double-pipe type condenser may be used. 

Water taken from rivers, lakes and canals is ordinarily considered 
“soft”; that is, it contains a comparatively small amount of dissolved 
mineral matter. On the other hand, the water generally contains a 
good amount of mud, leaves, bits of wood, vegetable matter and other 
suspended material. Thus, in using this kind of water in a condenser, 
the trouble is not so much from the formation of scale as from the 
deposit of the suspended matter. Therefore, it is generally desirable 
to install the atmospheric or the vertical shell-and-tube type of con- 
densers on the plants using this sort of water, in order to facilitate the 
cleaning process. 

Water for the larger-sized refrigerating plants is sometimes re- 
circulated and recooled by pumping it over a cooling tower or through 
a set of spray nozzles over a spray pond. In this system the water 
tends to be contaminated with algae, moss and other organic matter. 
Although either type of condenser may be used with success, prefer- 
ence is generally given to the open shell-and-tube or atmospheric type, 
since this type is more easily kept clean. Of course, strainers, screens 
and other separating devices are inserted in the pump suction lines 
to prevent any large pieces of matter from being discharged to the 
condenser. 

Refrigerating plants located along the seashore may well take their 
condensing water from the ocean. Sea water generally does not throw 
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down a heavy procipitale of scale-forming solids, so that either type 
of condenser may be used witli success. With comparatively cool sea 
water, the doul)ie-i>i|)e condenser gives excellent service under these 
conditions. While not absolutely essential to the operation of the 
condenser, it is generally- advisable to use galvanized pipes to avoid 
the corrosive action of the sea water on tlic condensing surfaces. 

Location of Plant and Condenser.- -The particular locality of the 
country where the condenser is installed may have a bearing on the 
selection and operation of the condenser. It has previously been 
pointed out that the cooling due to evaporation of a part of the con- 
denser water is of considerable importance. This is especially true in 
localities where the moisture content of the air (relative humidity) 
is low. Therefore, it is entirely desirable to give the atmospheric type 
of condenser preference in these localities. In the more humid cli- 
mates, it is often advantageous to use the closed types when it is 
possible. 

The space and relative location of the condenser coils often have 
a direct bearing on the type of condenser that should be used, and its 
operation. When space is available on a roof or the outside of the 
building, it is feasible to use the atmospheric type for reasons previ- 
ously indicated. When condensers arc installed in this manner, the 
coils should be arranged so that the air will have free movement be- 
tween the pipes, and the pipes should be protected from the direct 
rays of the sun. 

Oftentimes atmospheric condensers are installed in connection with 
cooling towers and spray ponds. The relative position of the water- 
cooling apparatus and condenser coils should receive especial attention. 
These should be placed one above the other and preference should be 
given to placing the condenser on top, if possible, in order to secure 
free air movement around the coils, since air must be removed from 
the spaces between the coils as soon as it has absorbed some moisture, 
for efficient operation. When it is desirable to place the condenser in 
the machine room, it is preferable to use the shell-and-tube or double- 
pipe type. This eliminates all splash and dampness in the machine 
room ; thus the condenser may be placed in part of the building. 

Economic Considerations. — The matter of the proper selection of 
an ammonia condenser with its water-circulating apparatus and the 
efficient operation of same is a consideration of economic importance. 
The condenser and its auxiliaries should be selected with the idea of 
securing the greatest economy over a period of years equal to the 
life of the condenser. In the ultimate analysis it will be observed that 
it is desirable to reduce to a minimum the cost of a ton of refrigeration. 
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If an excessive amount of condenser equipment is installed, the 
initial cost is very large and a larger amount of cooling water must 
be supplied. Thus the interest on the additional investment, cost of 
pumping the larger amount of water, etc., increase the cost of opera- 
tion. Again, if an insufficient amount of condenser equipment is in- 
stalled, the condensing pressure will be extraordinarily high, which 
will result in the expenditure of an excessive amount of work to com- 
press the ammonia. This, of course, increases the cost of power to 
operate the plant. 


Table 97. — Ammonia Condenser Pressures (Cooling Tower Water). 



Dry 

Bulb 

Ttm* 

perature 

Relative 

Humid* 

«y 

Wet 

Bulb Tem* 
perature 

tl 

tl 

t. 

Condenser 

Pressure 

Jan. . . 

32.0 

74.3 

29.6 

41.0 

51.0 

56.0 

852 

Feb. .. 

39.5 

73.9 

36.4 

46.0 

56.0 

51.0 

94.2 

Mar. . . 

43.5 

71.4 

39.7 

49.0 

59.0 

64.0 

101.0 

Apr. . . 

57.0 

65.4 

51.8 

57.0 

67.0 

72.0 

118.7 

May , . 

66.0 

68.2 

59.0 

63.0 

73.0 

78.0 

1332 

June . . 

75.5 

68.2 

66.8 

71.0 

81.0 

86.0 

154.5 

July .. 

79.5 

66.1 

70.7 

74.0 

84.0 

89.0 

163.0 

Aug. . . 

77.5 

67.5 

69.5 

73.0 

83.0 

88.0 

160.1 

Sept. . 

70.0 

68.6 

62.7 

67.0 

77.0 

82.0 

143.6 

Oct. . . 

59.0 

66.2 

52.8 

58.0 

68.0 

73.0 

121.0 

Nov. . . 

49.5 

70.2 

45.0 

54.0 

64.0 

69.0 

111.8 

Dec. . . 

36.5 

73.6 

33.5 

45.0 

55.0 

60.0 

92.9 

D.B., R.H. 

W.B.. for St. 

Louis, Mo. 






t.— t^s* 

t,— W.B.=4* to n* 
t|=water to condenser 
t^Kwater from condenser 
t«^ammonia condensing temp. 

Ammonia Condenser Pressures. — The variation of ammonia con- 
denser pressures for various months of the year is shown in Table 97. 
The data is based on the use of cooling tower water, with a 10® F. 
increase of temperature of the water as it passes through the condenser. 
It is also assumed that the condenser water will be cooled within 4® F. 
to 11® F. of the wet bulb temperature. 

Frequently the condensing pressure is higher than it should be be- 
cause non-condensable gases are mixed with the refrigerant gas. Al- 
though it was formerly believed that non-condensables originated 
principally from the breakdown or dissociation of the refrigerant, it 
is now known that the greatest proportion is air which has been drawn 
into the system through glands or seals, while repairs are made or in 
other fashion. 

The foreign gas collects on the high side in the condenser and 
receiver and adds its pressure to that of the refrigerant so that the 
compressor must work against a higher pressure and this consumes 
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more power. Non-condcnsable gases can be purged directly from 
the system but the process wastes refrigerant and is not completely 
effective. For this reason, wherever the annual power bill runs up 
to 500 dollars or more it is usually advisable to install a refrigerated 
non-condensable gas purger. 

This apparatus is really a stripping condenser into which the mixed 
non-condensables and refrigerant gas are drawn and cooled consider- 
ably below the saturation temperature of the refrigerant. The refrig- 
erant is condensed to a liquid while the non-condensables collect above 
and are discharged to the atmosphere. As the liquid refrigerant col- 
lects in the purger it is returned into the system. Modern purgers arc 
automatic in operation and very effective in removing non-condensable 
gas from the system. 

The purger usually is connected to both the condenser and the 
receiver so that the foreign gas mixture can be drawn from cither one. 
The best operating results are obtained by purging from the receiver 
if the liquid drain from the condenser is large enough to provide space 
for gas passage above the stream of liquid and there are no traps in the 
liquid line. 

Frequently a check of the liquid temperature and condensing pres- 
sure in a plant will show that non-condensables are causing excess 
head pressure of 20 lbs. or more. A general approximation is that 
each 2 lbs. of excess pressure waste 1 per cent of the power consumed 
by the compressor. That is an important item in plant costs. The 
presence of excess pressure is determined by checking the temperature 
of the refrigerant flowing out of the condenser with the saturation 
temperature corresponding to the existing condensing pressure. 

In an ammonia system for example the temperature of the liquid 
leaving the condenser is 84® F. and the head pressure is 167 lbs. gauge. 
According to the ammonia tables the saturation pressure at 84® F. is 
149 lb. gauge so that the excess pressure indicated above is 167-149 or 
18 lbs. While it is usually not practical to eliminate all of this excess 
pressure a refrigerated purger would reduce it to about 4 to 6 lbs. 
and cut the condensing pressure to about 154 lbs. The savings in 
power would approximate (167 — 154) 2 or per cent. 
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QUESTIONS ON CHAPTER XX. 


1. In rcfrigeratitig systems, which is the most important, pressure 
or temperature? State the reasons for your answer. 

2. What three factors determine the amount of heat which is trans- 
ferred in any apparatus? 

3. In what way and in what magnitude should the temperature 
difference between tlie room, and the ammonia or brine vary? 

4. How is the suction temperature in the refrigerating plants con- 
trolled and measured? 

5 . How are the discharge temperatures controlled and measured? 

6. How may the pressures existing at different parts of the com- 
pressor cylinder be determined? 

7. What is the relation between the pressure and volume of am- 
monia in compressor cylinder? 

8. How are the isothermal and adiabatic curves constructed and 
used to study the conditions inside of the cfompressor cylinder? 

9. Explain fully how the temperatures of ammonia and water vary 
in the condenser. 

10. What factors affect the condenser pressure, and in what 
manner? 



CHAPTKR XXI. 


PRIME MOVERS FOR REFRIGERATING PLANTS=^ 


General Considerations. — The proper selection of suital)le prime 
movers for ice making and refrigerating plants is a proposition of eco- 
nomic importance. This is due to the fact that the cost of power is 
an important item in the total cost of producing ice or refrigeration. 
It is desirable to produce the maximum amounts of ice and refrigera- 
tion with the minimum expenditure of money. Thus the selection of 
a suitable prime mover and the relative cost of power must receive 
careful consideration. The ultimate success of a given plant may 
depend upon the judgment used is selecting the driving power. 

In the earlier days of the ice making and refrigerating industries, 
steam engines were used almost to the exclusion of all other forms of 
power. This condition was due primarily to the fact that the steam 
engine was the only practical prime mover available during those 
times. But, as the industry grew with time, other types of prime 
movers were introduced. These were the electric motors, gas and 
oil engines. The use of electric motors and internal combustion 
engines as prime movers for refrigerating plants has been due to two 
factors: First, the perfection and inherent efficiencies of these newer 
forms of prime movers ; second, the introduction of raw water ice 
manufacture. At present, the electric motor is being used extensively 
for driving this type of industrial plant. 

In the ultimate analysis, it will be noted that economy of operation 
is one of the most important factors. In some cases, it is desirable 
to install steam engines. The steam engine has been improved, also, 
as the industry grew. At present, efficient engines of the poppet four 
valve and uniflow type are available. The uniflow engine especially 
is receiving attention, due to the fact it uses steam economically over 
a wide range of loads. 

On the other hand, in many cases electric motors may be used 
advantageously. Motors having high efficiencies may be obtained in 
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all parts of the United States. The synchronous motor is being used 
extensively for the larger installations, on account of its ability for 
direct connection to compressors and its high operating efficiency. 

Therefore, the proposition of the suitable selection and economical 
operation of prime movers for refrigerating plants must receive careful 
consideration from all possible viewpoints. It is evident that each 
l)arlicular plant must be considered individually in order to arrive at 
the most successful solution. 

Steam Engines. — The proper selection and the efficient operation 
of steam engines for driving refrigerating plants are therefore con- 
siderations that have great economic importance. It is desired to 
produce a ton of refrigeration with the least expenditure of money 
and time. The cost of maintaining the engine room in operation, the 
cost of fuel that is used for power purposes, and the depreciation on 
the mechanical equipment are important items that enter into the 
determination of the final cost of a ton of refrigeration. 

The most important practical considerations entering into the selec- 
tion of the prime mover are the folowing: (1) Reliability; (2) economy 
of operation; (3) simplicity; (4) flexibility of operation; (5) accessi- 
bility; (6) depreciation: (7) space requirements; (8) character of 
refrigeration plant. 

It is very apparent that the refrigeration plant is a type that must 
have a dependable and reliable method of driving. The large cold 
storage warehouse may be considered as an example. These ware- 
houses arc filled with perishable food products generally. It is easy 
to imagine the great loss that would occur should' the refrigeration 
service fail, due to a breakdown of the prime mover that drives the 
refrigerating machine. 

Factors That Determine Engine Type. — The principal factors that 
affect the economy of the operation of the prime mover are the cost 
of the fuel, the relative amount that is consumed, and the cost of 
maintaining the engines in operation. The cost of the fuel should be 
kept as low as possible, but on the other hand, it is generally advis- 
able to secure as good a fuel as is ordinarily obtainable. The fuel 
consumption should be as nearly constant as possible under varying 
load conditions. This should be true especially between one-half and 
full-load capacities. 

Ease of operation is an important consideration under all circum- 
stances. The engines should be easy to start and stop. They should 
be simple in construction so as to be readily understood by the average 
operating man. If the various parts of the engines are accessible, 
they are subjected to more thorough inspection, which tends to elimi- 
nate breakdowns, and in the case of a mishap the repairing of the 
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damaged parts is facilitated. The parts themselves should be simple 
in construction, which promotes case of demounting and reassembling. 

The life of any apparatus is an economic consideration. Prefer- 
ence should be given to equipment having the slowest rate of depreci- 
ation in order that the disadvantages of deterioration and consequent 
loss of efficiency may not become too great. 

Local Conditions Oftentimes Determine Type of Prime Mover. — 
The particular type of prime mover to be employed is oftentimes 
determined by the local conditions existing in the plant itself. There 
may he near the plant a cheap supply of fuel. 

The type of steam engine that has been mo.st generally used is the 
simple non-condensing Corliss, although it has been largely super- 
seded by the compounded Corliss. The wide use of the steam engine 
has been due to several factors, among which the following two are 
the most important: In the first place, it was not until very recent 
years that a cheap and dependable power in the form of electricity 
was available for refrigerating plant service. Thus, in the past it has 
been necessary to develop the power for driving the refrigerating 
machine directly in the plant itself, which condition leads to the use 
of the steam engine. In the second place, ice making plants were 
required to use distilled water in order to produce clear and mer- 
chantable ice. To obtain these large quantities of distilled water 
easily and economically, the exhaust steam from the main driving 
engines was condensed. This necessitated the use of a steam engine. 
Of course, this condition existed only before the development of the 
raw water ice making system. With this system any type of prime 
mover may be employed, so that at present, electric motors are being 
used instead of the steam engine as a method of driving the plants 
in some installations. However, even at present there are many condi- 
tions which warrant the installation of steam engines. The type of 
prime mover that is best suited to a given refrigeration plant is the 
one that delivers the power at the least cost, taking into consideration 
all the various charges, such as fuel, labor, supplies, repairs, interest 
on investment, depreciation, taxes. 

Thus, in a locality where the cost of electrical energy is not ex- 
tremely low, it is advisable to consider the steam engine as a probable 
prime mover. This is especially true of large plants. If the installa- 
tion is located near a supply of coal, the steam plant will generally be 
found to be the economical choice. Or again, steam under considerable 
pressure may be required in other parts of the plant, which would 
make the use of steam engines more logical than other forms of prime 
movers. The kind and cost of the water that is available for power 
purposes have an important bearing upon the subject. Also, the 
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relative capacity of the indi\ idual plant is an important consideration. 
It must be observed that each individual installation is a problem in 
itself and therefore requires its own special prescription. 

Steam engines that are used for driving refrigerating plants may 
be classified as slide-valve, Corliss-valve, poppet-valve and uniflow. 
1 hey may be further divided upon a rotative-speed basis into high- 
speed and low-speed. They may be classified as non-condensing or 
condensing, and may be further separated on the steam-expansion 
basis into single and compound-expansion types. 



Comparative Efficiencies of Plants. — In order to show graphically 
the relative efficiencies of the various methods of driving refrigeration , 
plants, Fig. 208 has been prepared. This shows the number of tons 
of refrigeration that may be produced by the expenditure of a ton of 
fuel having a heating value of 12,500 Btu. per lb., for various suction 
pressures. An average condensing pressure of 170 lbs. per sq. in. 
gauge was assumed. The boiler-plant efficiency was taken as 60 per 
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cent, and an allowance was made for tlic usual complement of auxili- 
aries. 

As most plants are operated with Corliss engines, it is well to note 
the relative efficiency of the simple non-condensing and the compound 
condensing ty]>es. The compound-condensing Corliss-engine plant 
is very economical in the consumption of steam. On the other hand, 
a single-cylinder non-condensing uniflow-engine plant with high steam 
pressures and temperatures will have practically the same efficiency. 
The equipment for the uniflow plant is much simpler and requires, 
of course, less au.xiliary power. A condensing uniflow-engine plant 
using superheated steam has a higher efficiency than the complex 
compound-condensing Corliss-engine-driven plant. The use of uni- 
flow and poiipet-valvc engines with high steam pressure and temper- 
atures is to be advocated for all sizes of plants. 

The popularity of the steam engine as a prime mover of refrigera- 
tion plants is due, no doubt, to the fact that it is a reliable and depend- 
able means of producing power. It continues to operate under very 
adverse conditions and will stand a maximum amount of abuse. The 
compound condensing engine has the disadvantage of being more 
complex and, therefore, i.s more difficult for the average operator to 
handle efficiently. 

As compared to plants which are driven by internal-combustion 
engines or electric motors, the steam-driven plant requires much more 
space. Compound engines require a maximum amount of space, while 
simple single-cylinder engines require a medium amount of space. 
Space requirements demand important consideration where the cost 
of land is excessive. 

Steam engines have a slower rate of depreciation than the internal 
combustion engine and probably will have a useful life somewhat 
longer than electric motors. The useful life of steam engines will 
vary from 15 to 25 years, depending, of course, upon the keeping of 
the equipment in good physical condition by proper maintenance and 
repairs. The hours of operation have only a slight bearing on the 
amount of depreciation of the engines. If the engines are kept in 
proper repair, continuous operation will not cause much greater wear 
and tear than that produced by intermittent operation. This is due 
to the fact that engines operating intermittently are subjected to 
temperature stresses, which will produce more depreciation than the 
mechanical wear that is occasioned by continuous full-load service 
under careful operation. 

Electric Drive. — In the selection of a suitable method for driving 
refrigeration plants, the local conditions must be given thorough con- 
sideration. In many localities the cost of fuel for power purposes is 
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high or the delivery unreliable, and electric motors are favored on 
account of lower power cost per ton of refrigeration. Another eco- 
nomic consideration favoring the installation of electric motors is 
that this method of driving has a comparatively high efficiency and the 
efficiency remains high at decreased loads. The first cost of the elec- 
trically-driven plant is frequently lower than that of a steam plant, 
and this, in many instances, dictates the choice of electric drive. Fur- 
thermore, the total cost of power in the electrically-driven plant will 
probably be less on account of the fact that less labor and a smaller 
amount of space arc required and overhead charges are somewhat 
lower. 

The advent of the raw water ice making system in 1909 gave a 
great impetus to the application of electricity in refrigerating plants. 
Since distilled water is not essential, the compressors, as well as the 
auxiliaries, can be operated with electric motors. Likewise, since the 
electrically-driven plant does not require to be near a railroad in order 
to receive its fuel supply, it may be located in any convenient place 
near the center of the distribution territory. This reduces very ma- 
terially the delivery expense of the ice becau.se the truck' mileage and 
driver’s time are reduced. 

An additional consideration in favor of the electric-drive is that 
the electric motors in refrigerating and ice plants are considered a de- 
sirable load for the central station. This is due to the fact that this 
kind of electrical load can be arranged so as to produce a more desir- 
able and uniform total load on the central station. The usual plant 
can decrease its power requirements during the central-station peak- 
load, enabling a low electric rate to be secured. 

Reliability of Electric Drive. — The increasing popularity of the 
electric-drive is in no small measure due to the reliability of the opera- 
tion, which is based upon two fundamental factors. In the first place, 
the engine and boiler in the refrigerating plant are more subject to 
mishap and shutdown than is the compressor. In the second place, 
the electric motor is very dependable, being one of the most sturdy, 
practical, and trouble-proof pieces of apparatus in the power plant. 

Of course the motors must be installed properly and they must re- 
ceive attention and proper lubrication. In the case of power trans- 
mission by belting, the belt wheels, motor pulleys and belts must be 
properly designed to eliminate flipping, etc. 

The electrically-driven plant requires the minimum amount of at- 
tendance, and the operator does not have to be as high grade as is re- 
quired for the efficient operation of steam units. The electrically- 
driven plant is virtually automatic as long as there is continuity in the 
central station service. 
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Flexibility of Operation. — Flexibility of operation is easily obtained 
in the electrically-driven refrigerating plant when it has been properly 
designed. In the first place, electricity readily lends itself to the sub- 
divided power plant. Thus several units of about the same size may 
be installed in a given plant and the magnitude of the refrigeration 
load at any hour will determine the number of these units to be op- 
erated. In the electrically driven plant it may be feasible to install, 
in addition to the main units, a small compressor to pump out any part 
. of the system or to furnish the refrigeration in the winter months, thus 
allowing the main units to be shut down. The flexibility of the opera- 
tion of the auxiliary apparatus is one that does not ordinarily receive 



Fig. 209— Power Required for Ammonia Compressor. 

the proper attention. The selection of the auxiliaries with considera- 
tions as to their economies for one-half to full-load is important, as 
well as their practical arrangement in the plant. The correct number 
of auxiliaries is advocated for each plant. It is obvious that the aux- 
iliaries should be directly connected to their respective motorsvwher- 
ever possible. 

Economy of Operation.— The power that is required to drive an 
amrnonia compressor depends upon a number of factors, among which 
the following are probably the most important : The ammonia work- 
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ing pressures, the type of compressor and motor, the relative size of 
motor, and the method of power transmission. Generally speaking, it 
may be said that the a\crage electrically-driven plant has a compara- 
tively low consumption rate in Btu. per ton of refrigeration. This is 
probably due to the fact that the actual generation of power in the 
average refrigeration plant using its own generation machinery is not 
efficient, while, on the other hand, the central electrical stations have 
comparatively high efficiencies, and the transmission and utilization 
of the electrical energy is accomplished in an economical manner. This, 
however, does not apply to the many steam-driven refrigerating plants 
equipped with modern condensing engines giving a very high economy. 
Since the ammonia working pressure determines to a very large degree 
the amount of power that is required. Fig. 209 has been prepared to 
.^how’ graphically the variation of the power required to operate the 
compressors at the different suction pressures and at an average con- 
den.ser pressure of 170 lbs. per sq. in. gauge. Average operating effi- 
ciencies were assumed. This chart shows the power that is consumed 
by the mechanical compression of the vapor alone and does not include 
any allowance for the usual auxiliaries of the plants. Under the or- 
dinary conditions, the power required to operate the auxiliaries tends 
to become abnormally high. In the larger plants it is advisable to 
install an electric meter to measure the current consumed by the com- 
pressors,- while a separate meter should be used to indicate the current 
consumption of the motors wdiich drive the auxiliaries. 

The effect of the load-factor upon the economy of operation is a 
\ery important consideration. The economy of operation decreases 
as the load-factor is lowered. The load-factor is improved by install- 
ing subdi\ ided power units, by providing storage capacity, by operat- 
ing continuou.sly, etc. 

The Selection of a Suitable Motor. — The correct application of elec- 
tric motors to refrigeration plants depends upon a number of factors, 
among which the following may be considered important: The operat- 
ing characteristics of the motors, the type of refrigeration plant, and 
the capacity of the plant. Among the operating characteristics of the 
motors, the speed-torque considerations are probably the most im- 
portant. In general, it will be noted that the local conditions will make 
each plant a particular problem in itself, so that no specific rules may 
be given. Therefore, only the general considerations of the types and 
characteristics of the electric motor will be given. 

Generally speaking, it may be said that the alternating-current poly- 
phase induction motors are inherently constant-speed machines. Sev- 
eral methods have been devised to vary the speed of induction motors 
for a given tmtput, but none of these methods have been entirely sue- 
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cesslul and practical. The speed falls off only slightly as the load is 
increased, the decrease from no-load to full-load being less than 10 
per cent of synchronous speed. The scjuirrel-cage induction motor 
has a compar?.livcly small starting torque, while on the other hand the 
starting current is quite large. The power factor of the starting cur- 
rent is low, and since the starting current is large, heavy fluctuations 
of the voltages of the sup'ply line are induced. However, this type of 
motor has the ad\'anla”cs of being sini|de and strong in construction. 

In refrigerating plants this type is used in sizes of 25 hp. and less for 
driving centrifugal imnips and the like. The starting torque of the 
slip-ring alternating-current motor is large and the starting current 
is not excessi\c. Ordinarily, the .•'tariing current for full-load torque 
is appro.xiniately three times the full-load current and the starting 
torque one and one-half limes the full-load tcmpie. Thus the slip-ring 
motor is particularly well adapted to starling heavy loads with the 
minimum amount of current. Ilowewr. heaw overloads should not 
be carried, since these will produce too much slip between the speed 
of the motor and the re\olving magnetic held, thereby stalling the 
motor. The starting of these motors is accomplished by means of 
external resistance. Ampere ratings of a.c. motors is shown in Table 98. 

This type is generally used in sizes from 25 to 150 hp. for driving 
ammonia compressors and other machinery. Smaller sizes are well 
adapted to drive plunger pumj)s, cranes, and the like. 

Synchronous Motors. — .At i)resent there is a tendency toward the 
extensive use of synchronous nu)tors to drive both slovv-speed and 
high-speed ammonia compressors. Motors of this type are often belted 
to the slow-speed ammonia compressors, but are more generallv di- 
rectly connected to high-speed compressors. The starting torque is 
comparatively low, being approximately one-third of the full-load 
torque. They are not inherently self-starting and are started really as 
induction motors. On the other hand, when they are at synchronous 
speed, they can carry heavy overloads for short intervals very 'easily. 

The advantages of using synchronous motors directly connected tn 
ammonia compressors should be obvious. The directly connected unit 
IS simple and compact, occupying the minimum amount of space. The 
expensive l)eit is eliminated. The motor requires no base, pulley or 
bearings, since it is mounted directly on the compressor shaft. The 
rotor of the motor' acts as a flywheel so that the compressor flywheel 
may be lighter than ortlinary. 

It is also true that this type of motor has a high efficiency. This is 
quite noticeable when compared to induction motors at the lower 
speeds. They operate at a high power factor, and consequently a lower 
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electrical rate is usually given 
plants having synchronous 
motors. 

This type should generally 
be used for driving compres- 
sors when the liorscpowcr re- 
quirements are above 50. The 
present tendency is to use 
synchronous motors directly 
connected to high-speed am- 
monia compressors. Its one 
drawback which is shared by 
all alternating current motors, 
is the impossibility of secur- 
ing speed variation ; the com- 
pressor must be operated at 
constant speed at all loads. 



Fig. 210. — Oil Consumption of Oil Engines. 


Oil Engines for Refrigerating Plants. — Oil engines have come into 
wide use for driving refrigerating plants. The type of the plant and 
its location will have an important bearing on the selection of the most 
suitable prime mover. It happens sometimes that the refrigeration 
plant and its auxiliary equipment are placed in such close quarters 


that only an electric motor 
would give efficient and de- 
sirable service. Steam may 
be required for other pur- 
poses around the plant, 
which would bring the 
steam-driven plant into fa- 
vorable consideration. 

The reliability of oil en- 
gines as prime movers may 
be increased by employing 
units that have 25 to 33 1-3 
per cent additional capacity 
above the actual require- 
ments of the plants. Work- 
ing at these lower percent- 
ages of full-load capacities is 
not so detrimental, since the 
fuel consumption, especially 
that of the Diesel type, is in- 



$uctfon Pre 65 ur»,u>.p«r Sq.ln.O09d 


creased but slightly* Fig. 211*^Efficiencies of Oil Engine Plants. 
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In plants where small engines are used, it is a good policy to use a 
good grade of fuel oil in order to eliminate as much as possible the bad 
effects that would be produced by the employment of a low-grade fuel. 
However, in the larger plants, where greater quantities of oil are con- 
sumed, it is adx’isable to use a lower-grade oil in order to reduce the 
cost of fuel. 

Fuel Consumption.— The consumption of fuel oil by the Diesel 
engine of medium size is shown by Fig. 210 for various percentages of 
full-load capacity, as is the fuel consumption of the semi-Diesel type. 
These are the amounts that are guaranteed by the builders of oil en- 
gines, although actual consumption is sometimes less. 

Relative Efficiencies.— The relative efficiencies of the Diesel and 
semi-Diesel oil engine plants as a means of i)roducing refrigeration are 
indicated in Fig. 211. With respect to the amount of refrigeration pro- 
duced by the expenditure of a Btu. in healing value of fuel, the Diesel- 
engine driven plant is the nn)st efficient type known. 

Relative to the simplicity of operation, the semi-Diesel engines re- 
quire only an intelligent attendant to keep them in good condition. He 
should, of course, understand the function of the engines thoroughly. 
The Diesel type requires an operator that is not only intelligent but 
also skilled. However, the Diesel type is not too complicated to be 
thorough!}' undcrst<jod and efficiently handled by the average plant 
operator, particularly it an effort is made to develop intelligent and 
skilled operating men in the plants. 


QUESTIONS ON CHAPTER XXL 

1. Name the general factors which affect the selection of a suitable 
prime mover for an ice making or refrigerating plant. 

2. What are some local conditions which determine the type of 
prime mover to be used? 

3. How may the steam consumption of steam engines be lowered? 

4. At 15 lb. gage suction, how much difference is there in refrigera- 
tion output per ton of coal between least and most efficient steam en- 
gines listed in this chapter? 

5. Why are electric motors being used extensively for driving ice 
making and refrigerating plants? 

6. Discuss the reliability and flexibility of electric motors for driv- 
ing refrigerating plants. 

7. Describe the leading characteristics of synchronous motors. 

8. Name some general considerations in reference to the use of oil 
engines as prime movers. 



CHAPTKR XXIl. 

ECONOMICS OF REFRIGERATION. 


General Considerations.— liefore going into the consideration of 
tlie factors which aiYect the economy or economic efficiency of the icc 
making and refrigerating plants, it is well to note the definitions of 
some of the general terms. It seems that the terms used in the discus- 
sion of economics arc not always used in the same sense by all au- 
thorities. It is especially true in the discussion of engineering econo- 
mics to understand thoroughly the meaning of all definitions and terms. 

Generally si)euking, economy may be defined as the judicious ex- 
penditure of labor, materials, and energy in order to attain a required 
end or purpose. Ivconomics, tlierefore. may be defined as the science 
of the general principles which are to be applied in order to secure 
maximum economy. Economic efficiency is the ratio of the actual 
performance to an ideal, or standard performance. This is sometimes 
termed simply tlic efficiency of the plant or system. 

Engineering may be defined as the systematic application of science 
to the economic production of commodities. Refrigeration engineer- 
ing is the application of the basic principles of science to the economic 
production of refrigeration. Refrigeration engineering economics, 
therefore, pertain to that part of economics which is or should be 
applied in the production of refrigeration. 

It should be noted that the province of the refrigeration engineer 
is now primarily the production of the maximum amount of refrigera- 
tion with the minimum expenditure of labor, materials and energy. 
As the ice making and refrigerating industry grows older, the refrig- 
eration engineer is not so much concerned in the development and per- 
fection of basic refrigeration systems, but he is more vitally than ever 
concerned with the production of refrigeration with the maximum 
economy. To the refrigeration engineer, the required end of maximum 
economy is usually the attainment of the minimum unit cost; but an 
engineer is often called upon to apply scientific principles and mctli- 
ods, in order to attain the minimum unit costs, and hence, a maximum 
annual profit. 
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Fundamentally, economics are concerned with the science of value, 
price, cost and proht. Value is the exchangeable worth of property or 
service ; it is the intrinsic worth of property or service. Price is the 
amount of money exchanged for property or service. Unit price is the 
price per unit of property or service; for example, $10 per ton of ice, 
or 2c per kw-hr. Cost is the money outlay and the debits incurred in 
securing a given property or service. It should include not only the 
price paid by the owner at the time a thing is acquired, but should 
include also the debits which are chargeable to the thing. This would 
then include such items as the value of the owner’s time, development 
costs, cost of establishment of business, etc. Profit is the excess of the 
selling price over cost. It will be observed that the true profit will 
depend upon the true and actual cost of a thing. 

Many business enterprises have been failures ; many men have been 
not only deceived by others, but self-deceived as to the true costs and 
profits. Many of these failures may be attributed to the lack of knowl- 
edge of accurate cost keeping and estimating. It is evident that a small 
amount of study and effort along the lines of engineering economics 
will reduce materially the number of such industrial failures. 


Cost of Ice or Refrigeration. — In order to determine the true cost 
of ice or refrigeration, consideration must be given to a number of 
factors. The actual cost will depend upon the greographical location 
of the plant, cost of fuel, labor and supplies, relative size of the equip- 
ment, the design and efficiency of the different parts of the mechanical 
equipment, management and administration, etc. Without giving this 
subject much thought, it would seem readily apparent that the unit 
cost per ton of refrigeration or per ton of ice could be used as a unit of 
comparison for plants of different sizes, used for different purposes. 
On the other hand, when one observes that there are so many factors 
entering into the costs, it is evident that in order to make an intelligent 
comparison between plants of different sizes, operating under different 
conditions, one must not only know the relative unit cost, but also the 
relative magnitude of the different factors which determine unit costs. 

Since ice making is probably the largest commercial application of 
refrigeration, attention will be especially directed to the cost of ice. 
The most important factors which combine to determine the actual 
cost of ice mav be tabulated as follows : 

9 


Overhead and Administration 


Taxes 

Insurance 

Interest 

Salaries 

Legal Matters 

Miscellaneous 
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Sales and Delivery Expense 


Office Expense 

Collecting and Soliciting Expense 
Platform Expense 

Wholesale and Retail Delivery Expenses 

Advertising 

Miscellaneous 


Manufacturing Expense 


Power 

Labor 

Ammonia 

Oils 

Supplies 

! Depreciation 
Repairs 
Taxes 
Insurance 
Incidentals 

\ 


In addition, consideration must be given to the actual operating 
conditions in the plant, the relative size of the plant, and the different 
parts of the equipment, the load factors, the variation in the load, etc. 
In consideration of the foregoing factors, it is evident that each plant 
presents an individual problem in itself, so that it is practically im- 
possible to make actual comparisons between the real cost of ice and 
refrigeration under such variable conditions. 

Probably the best method of stating the relative economy or effi- 
ciency of an ice making or a refrigerating plantnvould be to give the 
ratio of the number of heat units extracted in the lefrigeration to the 
number of heat units expended by the prime mover. This would reduce 
the comparison to a consideration of relative efficiencies, rather than 
the relative magnitudes of unit costs. Notwithstanding this fact, how- 
ever, it is probably advisable to give attention to the various items that 
enter into the manufacturing cost of ice refrigeration. 

The practical engineer is primarily interested in the manufacturing 
cost or the expense of the mechanical production of ice or refrigeration, 
and is not particularly concerned with the expenses of the offices, sales 
and delivery departments. Although some of the items which enter 
into the manufacturing cost of the ice may be beyond the control of 
the practical engineer, he should be able to make such records and such 
calculations which would indicate to himself, as well as to the man- 
agement of the plant, something in respect to the relative efficiency 
of operation and the cost of production of ice or refrigeration. The 
practical engineer, by the use of his plant records and elementary 
knowledge of bookkeeping and his calculations, will not only be able 
to determine the relative manufacturing unit cost, but will also be led 
to make analyses which will show where improvements may be ac- 
complished. 
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Manufacturing Expense,— As previously indicated, the practical 
engineer is concerned with the manufacturing expense, or the cost of 
production of ice or refripration mechanically. The items which enter 
into the cost of production may be di\ ided into two classes, namely, 
fixed charges and variable or operating charges, the fixed charges being 
independent of the relative output of the plant and the variable charges 
depending upon the output or operating costs. These charges may be 
classified as follows: 


Fixed Charges 


Depreciation 

Repairs 

Taxes 

Insurance 

Incidentals 


Operating Charges 


Power 

Labor 

Ammonia 

Oil 

Supplies 


I he fixed charges are constant throughout the year, irrespective of 
the relative load on the plant. Ihis is due to the fact that the depre- 
ciation, maintenance, taxes, insurance, incidentals, etc., go on through- 
out the year, whether or not the plant is in operation. The variable or 

operating cost will vary in proportion to the relative time that the plant 
is in operation. 


Fixed Charges, ihc fixed charges depending upon depreciation, 
insurance, taxes,, etc., will vary considerably with different sizes of 
plants, operating conditions, etc. The operating engineer is able to 
retard considerably the natural depreciation of the apparatus by keep- 
ing it in as nearly perfect mechanical condition as possible. By keep- 
ing the apparatus in perfect mechanical condition, the expense for re- 
pairs and maintenance will be likewise materially reduced. It is evi- 
dent that the plant should earn enough so that sufficient capital may 
be set aside each year as a fund to offset the depreciation of the ap- 
paratus, so that when the apparatus reaches the end of its useful life, 
new and up-to-date equipment may be installed. The various amounts 
charged for the foregoing items are generally stated in terms of the 
initial investment. The relative magnitude of these amounts and their 
variations are shown by the following tabulation; 



Depreciation 

S%— 6% 

Repairs 


Insurance 


Taxes 

2%— 4% 

Incidentals j 


Total 

10%— 15% 
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It will be noted that the total amount of fixed charges will vary 
between 10 and 15 per cent of the original investment. In all of the 
calculations which follow, the fixed charge of 15 per cent has been 
used for purposes of comparison. 

It is well to observe the relation between the fixed charge per unit 
of production and the load factor. The yearly load factor, or simply 
the load factor, of the plant is the ratio of the actual yearly output to 
the rated yearly output. This is simply the ratio between the total 
output of the plant if operated throughout the year at its rated capacity 
or 365 days of 24 hours or 8,760 hours per year, and the actual output 
of the plant for the same i)eriod, namely, a year. 

For example, if the plant is ecpiippcd with apparatus for producing 
one hundred tons of ice per day, the rated capacity of the plant would 
be 36,500 tons of ice per year. But if the plant is operated only 200 
(lays ])cr year, the actual output would be 20,000 tons per year. The 
yearly load factor would, therefore, be 20,000 divided by 36,500, which 
equals 54.8 per cent. If this 100-ton ice making plant was assumed to 
cost $100,000, the yearly fixed charges may be assumed to amount to 
15 per cent. The total fixed charge for one year would be 100,000x0.15 
which equals $15,000. 

In the foregoing example, when the plant operates at its rated ca- 
pacity throughout the year, the resulting fixed charge per ton of ice 
would be equal to $15,000 divided by 36,500 which equals $0.41 ; but 
when the plant is only operated 200 days per year, the resulting fixed 
charge per ton of ice would be 15,000 divided by 20,000 which equals 
$0.75. From the foregoing, it will be observed that when the load fac- 
tor is high, the greatest amount of ice will be produced per year, thereby 
decreasing the fixed charge per ton of ice. 

One of the commonly used methods of determining the amount of 
money to be set aside to offset the depreciation of the apparatus is that 
known as the straight line method. This method is based on the as- 
sumption that if the total investment of the plant, less the salvage or 
scrap value of the plant, is divided by the weighted life of all parts of 
the plant, the resulting quotient will be the amount which should be 
allowed each year to offset depreciation. This is one of the more sim- 
ple methods which have been devised for this purpose, and eliminates 
calculations concerning compound interest. The various factors which 
may be determined by this (after G. F. Gebhardt) method are tabu- 
lated as follows : 

C-S 

I) = : V = (C-S) 

n 
D 

d = 100 — : A**C — V 
C 
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where D — total accrued depreciation per year 
C = total original cost 
S = scrap or junk value of plant 
n = assumed useful life in years 
V = present value 
m = age of plant in years 
d = rate of depreciation in comparison of total 
original cost 

A = total accrued depreciation 

Example — A 15 in. x 30 in. ammonia compressor has been in opera- 
tion eight years and the first cost originally was $4,000. If the scrap 
value of the compressor is assumed to be $600 and the useful life is 
taken to be 20 years, the actual depreciation charge, the actual rate of 
depreciation, the present value and the total accrued depreciation may 
be calculated as follows: 

Annual Depreciation Charge: 

C — S 4000 — 600 

D = $170 

n 20 

Depreciation Rate: 

D 170 

d = 100 — = 100 4.25% 

C 4000 

Present Value: 

ni 8 

V- (C- S) (I ) = (4000-600) (1 ) =$2,040 

n 20 

Total Accrued Depreciation: 

A = (C - V) = 4000 - 2040 = $1,960 

In using the straight line law for the determination of depreciation 
charges, it must be borne in mind that the original cost should include 
the total actual cost of the plant, consideration being given to labor, 
material, overhead, engineering, interest, etc. The probable, useful 
life of the apparatus is, of course, a theoretical quantity and must be 
taken to be the assumed weighted value for all the different parts of 
the plant. 

Coal Consumption and Cost. — The relative amount of coal con- 
sumed per ton of ice or refrigeration will depend upon the size of the 
plant and the relative efficiencies of the apparatus. In the smaller ice 
making plants from 10 to 100 tons capacity per day, the slow speed 
Corliss steam engine is generally used as a prime mover. In the largest 
plants from 100 to 500 tons capacity, such refinements as compound 
condensing engines, automatic stokers and evaporators are introduced. 

For the purpose of making comparisons, the relative average 
amount of ice produced per ton of coal will be taken from Table 101 
for the different sizes of plants. From this table it will be noted that 
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the smaller plants will produce only from 5 to 6 tons of ice per ton of 
coal, while the larger plants will produce from 9 tolO tons of ice per 
ton of coal. The relative consumption of steam per i. hp. per hr. of 
steam engines working at full rated capacity arc shown by the follow- 
ing tabulation : 


Tadi.e 99 — Steam Consumption of Engines. 


I.h.p. 

Simple slow 
speed non*condcnsins 

Compound slow 
spceacondensin^ 

100 

27,0 

20.0 

150 

26.3 

19.5 

200 

25.7 

19.0 

250 

25-3 

18.5 

300 

24,8 

18.1 

400 

24.1 

17.3 

500 

23.7 

16.5 

600 

23.4 

15.8 

700 

23.2 

15.3 

800 

23.0 

15.0 

900 

22.9 

14.7 

1,000 

22.8 

14.5 


The relative mechanical efficiency of reciprocating steam engines 
at full load capacity is shown by the following tabulation: 


Table 100.— Mechanical Efficiencies of Engines. 


I.h.p. 

Mechanical efficiency 
per cent 

5 

80.0 

25 

83.5 

50 

85.0 

200 

86.5 

400 

89.0 

500 

900 

I.OOO 

90.8 


The economies shown by Table 101 in reference to the number of 
tons of ice per ton of coal are based upon average efficiencies of me- 
chanical equipment, operating under average conditions and will be 
used only for comparisons, and should not be taken to represent the 
actual figure for any given plant. 

The price which must be paid for coal will depend upon the ge- 
ographical location of the plant and the quality of the coal desired. 
For purposes of illustration a price of $7.00 per ton is assumed in cal- 
culating daily operating costs. 

Of course, when the actual cost of coal for a given plant is known, 
the correct figure should be used, instead of the assumed value of $7.00. 



101.— Assumed I.westme.nts, Fixed Ch.arces, Fuel Consumptions, Labor Costs, and Misceu.ankous 

Expense for Ice Making Plants. 
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Investment, excluding land 13,800 21,000 46,200 73,200 126.000 237,000 342,000 438 .000 534 ,000 

Fixed charges, 15% ....2 070 3,150 6,930 10,980 18,900 35,550 51,300 65,700 80,100 

Oallons of fuel Oil per tons of ice. . 10 77 54 48 44 43 42 41 4 00 

Total labor expense per dav 14.00 18.00 22 00 29^00 37^00 58.00 75^00 92 00 106 00 

Ammonia, oil, waste, supplies. .. . 2.40 4.80 8.40 9.60 15.60 22.80 28.80 37.20 43.20 
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Electric Power Consumption and Cost. — The relative amount of 
current consumed in driving machinery in icc making and refrigerat- 
ing plants will depend upon the size of the plant and the design and 
efficiency of the motor. In smaller plants requiring horsepower up to 
150, the polyphase induction motor is usually employed for this i)nr- 
pose. When the power requirements are above 150, it is customary 
to use the synchronous motor. 

The current consumption of electric motors is not subject to so 
large a variation as the consumption of coal by steam-driven plants, 
due to the fact that the efficiency of the diri’ercnt-sized motors is more 
nearlv equal. The relative amounts of electric current consumption 
in kilowatts per ton of ice for ice making plants is shown by Table 101 
for comparison. These are yearly averages and may appear somewhat 
high at first thought. Sometimes claims arc made for much lower cur- 
rent consumption per ton of ice, but in this case it is generally an 
average for a shorter pcrii>d of lime than a year. 

The relative speed and efficiency of standard induction motors are 
shown by the following tabulation : 


T.vble 102, 

— Efuciencv ok Ei.KnRic 

.\IOTOR.<. 

Horsepower 

Full lo^U 5pec(i 
at 60 cycles 

EflSciency m ])cr 
cent o( (ull load 

2 

1120 

84 

5 

1120 

86 

10 

1135 

86 

20 

1135 

87.5 

50 

850 

88 

200 

575 

92 


The cost of current for electrically operated ice making and re- 
frigerating plants will depend upon the geographical location, the rela- 
tive size of the plant, the type of motors, etc. 

Fuel Oil Consumption and Cost. — The comparative consumption 
of oil in gallons of fuel oil per ton of ice is shown by Table 101. These 
values are based upon average conditions and will depend upon the 
relative size of the plant and the oil engine. The oil engine has an 
inherent advantage of high thermal efficiency, which accounts for the 
relatively low fuel consumption. 

The cost of 5 cents per gallon of fuel oil has been assumed for the 
calculations which are to follow. 

Daily Operating Expenses. — As previously indicated, the assumed 
fuel and the power requirements for different sized ice plants are 
shown by Table 101. In addition to the fuel and power expense, the 
cost of labor, ammonia, oils, supplies, etc., will also enter into the daily 
operating expense. In order to study the various factors which enter 
into the total manufacturing cost of icc, the value of the labor and 
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miscellaneous expenses as shown by Table 101 have been assumed 
These values may be taken to be the average, and will vary with each 
individual plant. The amounts of labor required for different kinds of 
ice making plants does not seem to vary materially, with the possible 
exception that the steam engine driven distilled water ice plant will 
require somewhat more labor for operation. 

The labor expenses for the electrically and oil engine driven raw 
water ice plant have been assumed to be the same. Assuming that 
the power and fuel costs are l^c per kw.-hour. $7 per ton for coal, and 
5c per gallon for fuel oil, the daily fuel and power expenses have been 
calculated according to the consumptions indicated by Table 101. 
Those total fuel costs arc shown in Table m. The total daily operat- 
ing expense, consisting of labor, fuel. oil. power and sundries, is shown 
by Table 103. also for different sizes of ice making plants, using dif- 
ferent forms of prime movers. 

Investment Kxpense. — In order to study how the fixed charges on 
the investment in ice making plants will affkn the total manufacturing 
cost per ton of ice, the relati\ e investment required for different-sized 
plants must be assumed. This is shown by Table 101. It must be 
remembered that these costs of plants will depend upon a great num- 
ber of factors, and will he individual with each plant. Those shown 
by Table 101 are assumed simply as a matter of comparison. The in- 
vestment charges shown by this table include llie mechanical equip- 
ment and the building, but do not ordinarily include the value of the 
land, which will vary considerably with the* location. Table 101 also 
shows the correponding fixed charges when these are taken to be 15 
per cent of the total investment in the building and mechanical equip- 
ment of an ice plant. 


Load Factors. — The yearly load factors must be taken into con- 
sideration in order to arrive at an accurate estimate of the true costs 
of manufacturing ice or refrigeration. The yearly load factor is sim- 
ply the ratio of the number of days during which the plant is operated 
at full capacity, to the number of days in the year, namely, 365. Ice 
making and refrigerating plants will ordinarily operate from seven to 
eleven months per year. This would mean that the plant would be 
closed down from one to five months, depending upon the relative size 
of the plant, the demand for ice, the use of an ice storage house, etc. 
The number of months of operation per year, the number of days’ 
operation per year, and the corresponding yearly load factors are 
shown by the following tabulation : 


Months Operation 
per year 
II 
9 . 


Days Operation 
per year 

335 

274 

213 


Days Shut Down 
per year 
30 
91 
152 


Full Load 
Factor 

91 . 8 % 

73 . 1 % 

58 . 4 % 



ECONOMICS OF REFRIGERATION 


647 



o 


o c o o 


0 

ooo 


O 

1 

O © <N 


0 

0 PS PS 


V) 


. 


• 



. 

• 4 

• 



O O 


0 

©X Os 
5 4t t 




««k 1 

lO ^ 



© 




1 

PC 





X 



o 


© ooo 


8 

©oo 


o 


O O <N fN 


PS PS ^ 






• 



« 

• 

« 




rsj oc 


<s) M 




C <N 







rs 





PS 

X 

l/> 











z 

o 


C OOO 


0 ©OO 

0 

o 


Q C oc 00 


OO X X 

H 

■■ 

f*) 




XPC 


C X PC 

o 



00 PM <S» ^ 


X PS X 

5^ 




n 


PC 



mm 

PS 

0 











O 











Q 

td 

o 

o 


COCO 
o 00*^ 


00 © © 

0 0 X X 


CM 




• 




% 

• 

A 



1/^ fM 


CC X PS X 

D 



so <vi -t 


ir. PS 0 

(/) 






PS 



mm 

PS 



(/) 









< 

100 

H 

z 

OO OO 

</> 

z 

•r 

A 

0000 

01 

2 

«J 

m 

pm 

o lA 'O •- 

t". lA >0 

0 fC 0 0 

'C X 

wT 


u 

1 sc 



«• 

PC 0 - 

1 mm 

H 


o 

1 




u] 



mm 

z 


M 





u 




< 


tt 










o 

u 

o c c o 

as 

g 

xc 

1 PS C 

1 X 

fu 

o 

H 

O >C OS 

u 

1 X 


< 





H 


■ 

• 4 

H 



«i X o © 

4 

0 

. •^OvO' 

u 



r<5 


0 

> 

PS 

1*^ 



fi 





pi* 




OS 











o 

tak 

o 

j 

OOCO 



'OOO 



M 

O ^ t X 

as 

0 

' X ^ O' 

iA 

Lm 


H 

(/> 

«C PM X O 

as 

PSX X X 

(/) 

o 


0 

CM ^ 



S 

PSPS 

X 

U 


W 





0 




o 

o 

z 

M 

8 

©O O 



► X© X 

z 

<N 

0 

oxx 

u 

c 

» r-o X X 



z 


I ^ 

S 

X 

< 


PS fS 

1 /^ 

H 

U 


1 ^ 

X 

S 







U 




bU 

flk 


< 





.J 




0 

© 

U 

O 

:8 

00 


ooo© 



o 

' ^ ^ 


0X^0' 

s 





PS X 

pm 



«■ 

1 mm 


PC 




PS 

< 











Q 

1 










4 

4 

4 

• 

4 

K 

4 

4 

dJ 









4 

4 

• 

• 

O 

8 









u 



hH 









•C 

• 

Ul 

<*k 









1 

♦ 

• 


0 









es 

• 

5 

(0 

c 

/ 


c 







4 

4 

h* 

c 



c 






u 

k 





L. 





a 

4 





. 5; . 

: 


k 



0 

:?r 

4 

4 

• 

4 


*o 



•5 

1 

d4 




8 


4 



* w 

1 

» 






0. 




» 

: c 



4^ 

M 

c 


«3 

a 



:r3S. 



:«3S. 


1 


b 

i 

;«:gs 

1 rt c ^ 


•“ fc c V. 




1 *i V 

iwZ 


iS^cgz 


©oo 

O O CN 

• * • 

OO ^ 


g oo 
o 

^ rsj 


©CO 

© O CQ 

• * « 

l/j 00 

o 


© © o 

OOCO 

00 

^ 


l/> 

y, 

3 

Om 

b) 

u 

H 

< 

b) 

Z 

c 

z 

to 

J 

0 


88S 

lo 


8 00 
^ o 

Os '•to 

fN ^ 


©OO 
O 00 ^ 


fy O 00 
<s ^ 


© ©o 

©l-« 00 
001^ ^ 


88S 

^ l/)<N 



21.40 30.50 41.20 53.00 74.60 123 80 166.80 211.20 249.20 



648 


PRINCIPLES OF REFRIGERATION 


it is further assumed that the plant operates at full load capacity 
during the period of operation. 

Comparative Manufacturing Costs. — As previously indicated, the 
total manufacturing cost is made up of two parts — first, the fixed 
charges, which consist of depreciation, repairs, taxes, insurance and 
incidentals ; second, the operating charge, which consist of power, la- 
bor, ammonia, oil and supply expenses. It was also indicated that the 
cost must be reduced to a yearly basis in order to arrive at accurate 
results. In order to study the relationship between these various costs 
it is well to calculate them for a given plant. For this purpose an 
electrically driven raw water ice making plant, operating seven months 
at full capacity, and having a capacity of 100 tons of ice per day, will 
be used for illustration. The seven months’ operation at full capacity 
would be eciuivalciU to 213 days, or a yearly load factor of 58.4 per 
cent. The investment for the plant, excluding the value of the land, 
may be assumed to be $104,000. .Vssuming that the fixed charges 
amount to 15 per cent of this investment, the corresponding expense 
for these fixed charges would be $104,000 X 0.15, which equals $15,600. 
The cost of labor required for a plant of this size may be taken from 
Table 101 and will be $37.00 per day. The cost of the current for the 
plant at 53 kw.-hr. per ton of ice and at 1*4^ per kw. would be 100 X 53 
X 0.0125 = 66.30. The expense for sundry items, such as ammonia, 
oil, waste and supplies, may be taken from Table 101 and will be 
$15.60. The total daily expense would, therefore, be $37.00 plus $66.30 
plus $15.60, which equals $118.90 per day. 

The total operating expenses of the plant for a period of operation 
of 213 days would be equal to 213 X $118.90, which equals $25,325.70. 
Some expense for labor will be incurred to overhaul and repair the 
plant in order to keep it in perfect mechanical condition during the 
remainder of the year. For this purpose it will be assumed that the 
total labor expense will be incurred during the remainder of the year. 
This would amount to 152 X $37.00 = $5,624. The total yearly ex- 
pense would, therefore, be made up of the operating expense for 213 
days, the labor expense for 152 days, and the fixed charges. This would 
be equal to $25,325.70 plus $5,624 plus $15,600, which equals $46,549.70. 
Operating the plant at full capacity for 213 days, the total number of 
tons of ice manufactured per year would be 213 X 100 which equals 
21,300. The corresponding manufacturing cost per ton of ice would, 
therefore, be $46,549.70 diveded by 21,300, which equals $2.18 per ton 
of ice produced per year. All of the foregoing values are shown in 
the following tabulation : 
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Table 104.— A 100-Ton Electric Motor Raw Water Icf. Plant. 


Seven months' full operation = 213 days = 58.4% load factor 
Invesimcnt, excluding land $104,000.00 

DAILY OPER.\TlNG EXPENSE 

Labor, cost per day $ 37.00 

Current cost per day, 100 X 53 X 0.0125 66.30 

Ammonia, oil, waste and supidics 15.60 


Net daily expense $ 118.90 

YEARLY OPER.\TlNC EXPENSE 

Operating expense for 213 days (213 X $118.90) . . . .$ 25,325.70 

Labor expense for 152 days (152 X $37) 5,624.00 

Fixed charges at 15% ($104,000 X 0.15) 15,600.00 


Total yearly expense $ 46,549.70 

Tons of ice manufactured per year, 213 X 100 $ 21,300.00 

Manufacturing cost per ton, $46,549.70 -^-21,300 — 2.18 


In the same manner the cost per ton of ice has been calculated for 
electric drive plants on the basis of data in Table 101 at various annual 
load factors. 

The data thus obtained has been plotted in two curves to show how 
load factor and plant size affects unit cost. Fig. 212 is a comparison of 
the costs in a small and a large plant when the load factor varies be- 
tween 50 and 100 percent. The relative slope of these curves indicates 
the relative rise of the cost of production of ice as the load factor is 
reduced. Another interesting consideration that may be derived from 
the calculation is the effect of the relative size of the plant upon the 
cost of production of ice. For illustrating this point, the electrically 
driven raw water ice plant, operating at a load factor of 38.4 per cent, 
has been selected. The corresponding costs per ton of ice have been 
taken from the calculation based on Table 101 and plotted on Fig. 213. 
A smooth curve has been drawn through these points. The rise of this 
curve shows how rapidly the cost of production of ice increases a.s the 
size of the plant decreases. 

Unit Operating Costs. — Overall operating costs are subject to many 
variables as shown before. Real control of costs is best obtained by 
breaking down any lump sum into the various units and considering 
each of them on the basis of the plant design, load factor and the other 
particular conditions existing in the plant. For instance if we take an 
ice plant as an example it probably would be helpful in studying costs 
to allocate manufacturing labor to the following divisions : 
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Engineers 

Firemen 

Oilers 

Coal passers 
Ash handlers 
Boiler cleaners 


Ice pullers 
Air man 
Crane man 
Unloading coal 
Ante-room 
Cleaning up 


Handling labor consist of the following items: 


fading cars In and out storage 

Helping teamsters load Platform man 


Repair labor consist of the following items: 



Ice cans 
Ice tanks 
Pumps 
Boilers 
Compressors 


Crane 

Cooling system 
Water supply system 
Condensers 
Hoists 

Buildings 
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The accounting methods in various plants will not be uniform but 
some such method will be helpful in cost keeping and studies. Of 
course the total figures on the various divisions of costs are helpful in 
charting and studying the general trends of plant operating costs. For 
production labor they may be set up in the following fashion ; 

Total manufacturing labor Total repair labor 
Total handling labor Total payroll 

Supplies used in production are divided as follows; 

.■\mmouia Boiled fuel 

Oil Water 

Electric energy Other supplies 





Fig. 213. — Effect of Size of Plant. 


Unit costs are more directly controllable by the engineer than are 
overall costs. For instance he can do everything possible to maintain 
the refrigerating system in tight condition and thus reduce the cost of 
refrigerant per unit of output. By careful operation he can also keep 
the fuel or power cost per ton refrigeration at a minimum for the 
particular plant. 

Overall costs however, may not be completely in his control. For 
example the plant design and equipment may be old and it may not be 
possible to go below a certain figure for annual fuel cost. Perhaps such 
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a situation exists where old steam boilers and engines are the source of 
power and electric drive or internal combustion engines would reduce 
fuel, power or labor costs. The decision in regard to replacement of 
present equipment will probably be the function of someone other than 
the engineer. He can, however, keep present costs accurately and 
make careful analyses of savings to be made by modernization so that 
management will have proper facts on which to base its decisions. 


QUESTIONS ON CHAPTER XXII. 

1. Name three different classes of expenses entering into the cost of 
ice and describe some of the important items in each classification. 

2. What are the two general classes of expenses entering into the 
manufacturing cost of ice or refrigeration? Name some important 
items in each class. 

3. How may the power consumption costs be reduced? 

4. An 18-in. by 36-in. compresscjr originally cost $8,000, has a scrap 
value of $800, has been in operation twelve years, and has an expected 
life of twenty years. Find the annual depreciation, depreciation rate, 
present value, and total accrued depreciation. 

5. What is meant by load factor? 

6. How does the load factor affect the manufacturing of ice or 
refrigeration? 

7. How may depreciation of apparatus and machinery be retarded? 

8. What is the estimated yearly expense in a 60-ton raw water ice 
plant, costing $70,000, which operates 150 days per year? 

9. What would be the yearly estimated expense if the foregoing 
plant operates 335 days per year? 

10. What would be the estimated manufacturing cost per ton of 
ice per year in problems 8 and 9? 



CHAPTER XXIIT. 


GENERAL CONSIDERATIONS. 


Engine Room Records. — The observation and the recording of the 
temperatures, pressures, etc., about the ice making or refrigerating 
plant is one of economic importance. In the first place, it makes it 
possible to determine more accurately the production cost per Ion of 
ice or per ton of refrigeration. The determination of the magnitude 
of the production costs makes it possible to compare this cost with 
the other items that enter into the total manufacturing cost for a ton 
of ice or refrigeration. 

The study of these records also leads to better efficiency of opera- 
tion. By means of the information contained in the cgine room rec- 
ords, the engineer is able to ascertain the operating efficiencies of not 
only the separate parts of the plant, but also for the plant as a unit. 

In the second place, the engine room lt)g establishes a permanent 
record of all the operating conditions about the plant. In order for 
the log to represent the true working conditions as nearly as possible, 
the data should be entered upon the logsheet several times during the 
day. One of the most important considerations in the securing of ac- 
curate records of working conditions is that pertaining to the instru- 
ments for indicating the various temperatures, pressures, quantities, 
etc. It is obvious that the record will be of little value unless such 
instruments are accurate, or unless their percentage of error is known. 

Another important consideration is that of the suitable location of 
such instruments. These instruments should preferably be located in 
convenient places for inspection by the operating engineer. 

Kind of Engine Room Logs.— It is probably true that each par- 
ticular plant will have its own individual engine room log. This is due 
to the fact that although the plants may be used for the same ultimate 
purpose, the working conditions of the various units of apparatus will 
vary with the different plants. In addition, the plants will have differ- 
ent numbers and kinds of units of apparatus. In view of this fact, it is 
probably advisable for the engineer to develop a log suitable for hi.s 
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own particular plant. One of the important things in designing an 
engine room log for the practical operating engineer is that the log 
should not be too complicated, nor should it require frequent reading 
of the thermometers, gauges, etc. The engine room log should por- 
tray, however, all of the working conditions about the plant, after 
which the chief engineer may make suitable calculations and compari- 
sons from this and other data. 

Due to the fact that frequent readings of the various gauges, ther- 
mometers, etc., will become monotonous to the operating engineer, 
and due to the fact that the conditions in the ice making and refrig- 
erating plant are fairly steady, the records in many plants are taken 
only every four hours. In some ice making plants, additional data 
would have to be recorded other than that which is shown by the sam- 
ple log, while in some plants these sample logs contain some columns 
for which the data would be missing, due to the lack of proper ther- 
mometers, gauges, etc. The log sheets should be in a pad form, or 
suitably mounted in a book or on a record board. Of course, two copies 
of the log should be made at each entrance of the data, the original 
copy being sent to the office, while the carbon copy is retained by the 
chief engineer. A looseleaf notebook provides a desirable method of 
filing the separate log sheets. When the plant is driven electrically, it 
is necessary to record only the initial and final electric motor reading 
for each day. These together give the current consumption during 
each particular day. The chief engineer of an ice making or refrigerat- 
ing plant should be made responsible for the correctness of all data 
entered on the logs. 

Uniform Engine Room Logs. — A daily uniform engine room log 
for ice making and refrigerating plants was presented at the ninth an- 
nual meeting of the National Association of Practical Refrigerating 
Engineers at Oklahoma City, Oklahoma, in December, 1918. After a 
study of many of the logs existing at that time, the log as shown by 
Fig. 214 was finally adopted by the convention. In this engine room 
log, the readings are taken every three hours, and suitable spaces are 
provided for the recording of the required data for both ice making 
and refrigerating plants driven by the various kinds of power. To 
facilitate the work of the comparison of data at the end of every month, 
a monthly uniform engine log as shown by Fig. 215 was compiled and 
adopted. On this the average value of the various quantities entered 
on the daily log are recorded for each day of the month. At the end 
of the month the average of the daily quantities may be averaged to 
give the total monthly average. 

In addition to the presentation of the data by means of the log, it 
may also be presented in a graphical manner. These data, when plotted 



DAILY UNIFORM ENGINE ROOM LOG ADOPTED BY 


GENERAL CONSIDERATIONS 


655 



U 

K 

& 

I 

< 


Fig. 214.— Engine Room Log Adopted by N. 
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Fig. 215.— Monthly Summary for N. A. P. R. E. Log. 
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on diagrams having rectilinear coordinates with equally spaced decimal 
divisions, afford an excellent means for the study of all cond't’ 
about the plant. The data from a log may be plotted on charU u'”"* 
the horizontal distances to represent the time of observation, and^th^ 
vertical distances to represent the various data as recorded Such 
charts show at a glance the uniformity of the various data. 


Use of Operating Data.*— The intelligent record and use of the 
physical and operating data from an ice making and refrigerating plant 
is beneficial from several view points. In the first place, it is impos- 
sible for the operating engineer to carry all of the essential facts in his 
mind, due to the diversfied line of equipment usually installed in such 
])lants, and to the change of operation characteristics which depend 
upon the capacity factor, season, etc. In the second place, the record 
serves as a guide for the variou> shifts of operating engineers. In the 
third place, it provides a visible record for the chief engineer and su- 
perintendent. In the fourth place, it ])rovidcs a means of comparison 
of the operating characteristics, costs, etc., from month to month and 
year to year. In the fifth place, it provides data from which the manu- 
facturing cost ma} !)c determine<l. It is obvious, then, that the proper 
record and use of such data enhances the efficiency of operation as well 
as the maintenance of the mechanical equipment installed in ice mak- 
ing and refrigerating plants. 

Due to the various types of equipment used in different kinds of 
plants it is not practical to develop a uniform log that will serve all of 
the requirements of the individual plants. All of the local conditions 
must be considered in laying out a suitable log sheet. In addition to 
the data recorded on the log sheet, the engineer and superintendent 
should keep an accurate record of machinery specifications and other 
important physical data, pertaining to each and every part of the equip- 
ment. These data are essential in checking up the operation of the 
various parts of the equipment, as well as useful in ordering of new 
parts or replacements. 

The following tabulation gives some of the things which may be 
recorded under the heading of “specifications and physical data” for 
an ice plant : 



.Accumulator 

Typ^- 

^^akc 


Agitator. 

Type 

Make 

Size 

R.p.m. 


• A. J. Authennetl), N.A.P.R.E. Proceedings, 1927. 
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Type 

Air Blower. 

Phase 

Motor Size 

Capacity 

Make 

Frequency 

R.p.m. 

Pressure 

R.p.m. 

Type 

Air Compressor. 

Motor or engine size hp 

Make 

R.p.m, 

Size 

Voltage 

Cylinder (No.) 

Phase 

R.p.m. 

Frequency 

Connected to motor or engine. 

No. of stands 

.\iR Cooler Coils. 

Pipes high 

I.cngtii of stands 

Size pipes 

Make 

Air Dehydrator. 

Type 

Size 

Diameter 

Air RECEim. 

Length 

Type 

Air Washer. 

Size 

Make 

Ammonia Compressor. 

Make 

Belted or direct connected 

Size (bore and stroke) 

Motor or engine size 

Number of cylinders 

R.p.m. 

Single or double acting 

Voltage 

R.p.m. 

Phase 

Refrigerating capacity 

Frequency 

Cans for Freezing Tank. 

Total 

Inside length 

Number hoisted together 

Outside length (overall) 

Inside bottom dimensions 

Nominal weight of ice block 

Inside top dimensions 

Condensers (D. P. and Atmos.). 

Make 

Length of pipes 

Type 

Sq. ft. of condenser surface 

Number stands 

Size of liquid connection 

Pipes high 

Size of gas connection 

Size of pipes 

Shell and Tube Condensers 

Make 

Number of tubes 

Type 

Length of tubes 

Number of shells 

Sq. ft. of condenser surface 

Diameter of shell 

Size of liquid connection 

Diameter of tubes 

Size of gas connection 

Core Sucking Unit. 

Make 

Motor hp. 

Type 

Voltage 

Size 
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Crane. 

. Size motor 

Capacity (tons) Voltage motor 

Capacity (cans ice) 


Location 

Size 


Make 

Diameter 

Height 

Size pipe in coil 
Length of pipe in coil 


Cooling Tower 
Capacity 

Guaranteed performance 
Forecooler. 

Sq. ft. of cooling surface 
Is ammonia expanded through fore- 
cooler coil or is returning gas to 
the compressor used? 


Freezing Tank 

Number of cans long Size of pipe 

Number of cans wide Total cooling surface in pipes 

Total cans Number of coils 

Number of stands of pipe High or low-pressure drop tube or 

Number of pipes high fi.xed tube 

Length of pipe 


Make 

Type 

Size 

Capacity 


Pumps, Condensing Water. 
Head 
Motor hp. 
Voltage 


Make 

Type 

Size 

Capacity 


Make 

Type 

Size 

Location 


Pump, Deep Well. 

Head 

R.p.m. 

Motor hp. 

Voltage 

Purge Drum. 

Where connected with system 
Docs drum contain refrigerating 
coils ? 


Scoring Machine. 

Make Size 

Type 

Storage Room (Day). 

Length (inside) Storage capacity (tons) 

Width Direct expansion of brine refrig- 

Height eration 

Total area Size pipe 

Area adjacent refrigerating Lineal feet of pipe 

rooms 


Storage Room (Season). 

Len^ Storage capacity (tons) 

Width Direct expansion of brine 

Height Size pipe 

Total sq. ft. Lineal feet of pipe 

Sq. ft adjacent to refrigerating 
rooms 
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Number of nozzles 
Make of nozzles 


Make 

Type 


Make 

Type 


Spray Pond. 

Size nozzles 
Size pipe to pond 

Water Filter. 

Size 

Water Softener. 

Size 


Water, 

Source of supply Point of entry of make-up water 

Co.st of 1000 gal. if purchased (such as condenser pit, spray 

State here any umisual arrange- pond, etc.) 
nient for supply or disposal 
of water 


In addition to the foregoing items it is advisable to record the man- 
ufacturer’s serial or machine numbers of the various pieces of equip- 
ment. Parts lists frequently are useful in ordering new parts for repairs. 
Drawings and data furnished with new machines and equipment should 
be properly marked for identification and filed for future use. All these 
records prove very useful from time to time. 

Many units of industrial equipment will have a life of 20 or more 
years and it is impractical to rely on the memory of individuals for the 
necessary details about them. Records well preserved and properly 
indexed therefore provide the only assurance that full knowledge of 
the data about the plant and its equipment will be available whenever 
needed. 


QUESTIONS ON CHAPTER XXIII. 

1. Why is it important to keep a record of the various tempera- 
tures, pressures, etc., in ice and refrigerating plants? 

2. Upon what does the value of engine records depend? 

3. Why is it necessary for nearly every plant to have its own en- 
gine room log? 

4. Name several important things to be recorded on the engine 
room log. 

5. Describe the N. A. P. R. E. engine room logs. 

6. Make up a sample engine room log for a 60-ton raw water ice 
plant, electrically-driven, which has one ice tank. 

7. What is the relationship between the recording of plant operat- 
ing data and plant operating efficiency? 
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Absolute iirc>$urc» dchnition, 55 
AbsoUiU’ icTiiperaturc scale, 32 
AbsurlK»r. conditions in, 209 
Absorbers, 271 
Absonuion cycle, 207 
latent heat of, 39 
Absorption system, IS, 27u 
a))sorber conditions, 209 
absorbers, 271 
analyzers, 270 
aqua pump, 275 
aqua tests, 568 • 

design, 212 
Electrolux type, 27S 
elementary, IS 
exchangers, 274 
generator conditions, 209 
generator design, 270 
intenuittent machine, 275 
oi>eration, 218 
principles, 195 
rectifiers, 272 

strong Hqunr, per lb. \Ha, 2lo 
weak aqua coolers. 274 
Absorption systems, typical, 214, 216. 217 
Accumulators for Hooded systems, .t40 
Actual cylinder displacement, 151 
Adiabatic compresaion, 153, 6^8 
Agitator, ice tank, 394, 397 
Air, 

adiabatic saturation, 504 
compression system, 21 
cooling of, 51 1 
partially saturated, 494 
properties of, 487 
properties of saturated, table. 495 
psychrometric properties, 506 
psychrometrlc table, 497 
quantity circulated. 359 
saturated, 489 
wet, dry bulb relations, S*iA 
Air agitation, ice can, 419 
Air conditioning, 
for comfort, 517, 525 
heat sources in, 521 
requirements of, 517 


Air Conditioning, coot, 
temperature differentials. 520 
uith icc, 528 

Air coolers, suspended. 36$ 

Air cooling, 
apt>aralus, 513 
units, 360 

Air distribution for comfort. 525 
Air distribution patterns, 358 
Air pressure testing. $45 
Air system, 
high pressure. 4u7 
low pressure, 4ii5 
Air volniiie for icc agitation. 

Ammonia. 

absolute pressure table, 75 
charge required. 549 
charging of. 546 
cylinder Macs, 555 
fittings. 259 
gauge pressure table. 
bc.at control pressure <liagraiu. 172 
leaks. 551 
liquid table. 8.1 
Mollier chart, Cover l*oekrt 
ino|KTties. 64 
purifying of, 568 
Mqierheat tables, 84 
>>stem. diagram. 178 
system joints, 260 
temperature pressure curve, 5.1 
temperature table, 71 
water solutions, proiierties of. tabic, 118 
weight per ton, table, 142 
Analyzers, absorption system. 270 
Application of refrigeration, 328 
Aqua ammonia, 69, 196 
boiling temperatures, table. 13o 
pumps, 275 
purifying of, 571 
specific gravity, 198 
table of properties, 118 
temperature allowances. 2i)<) 
tests, 568 

vapor pressures, table, 2iH 
Atmospheric condenser. 253 
Aulomatic, 

expansion valve, 368 
refrigerating systems, 368 
stop valves, 378 
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B 

Balanced brine system, 354 
Barometer^ principle of, 27 
Bearing loads, soil, etc., 536 
Body beat losses, 521 
Bolts, foundation, 538 
Brine, 

circulating systems, 353 
circulators, ice tank, 397 
corrosion control, 571 
distribution system, 346 
properties, 70 
refrigerating system, 20 
system, balanced, 354 
system, elementary, 11 
tables, 134 
various kinds of, 354 
Brine coil, 

amount required, 348 
arrangement, 348 
surface per ton, 349 
Brine coolers, 350, 391 
surface per ton ice, table. 392 
surface per ton refrigeration, 352 
Brine cooling, heat transfer rates, 32.t 
Brine spray system, 21, 349 
British thermal unit, definition, 33 
Bunker coil arrangement, 331 


Calcium chloride brine tables, 134 
Calorie defined, 40 
Can filling tanks, 398 
Can ice making system, 382 
Cans per ton of icc, 386, 391 
Carbon dioxide, 
applications, 283 
compression system, 280 
compressor displacement, tabic. 268 
condensers, 280 
ice, 283 

pounds per ton, table, 268 
properties, 66 

refrigerating effect, 267, 285 
saturated vapor table. 114 
vapor pressure, 285 
Carrenc properties, 290 
Center line, location of, 539 
Centrifugal refrigeration system. 288 
Centigrade, 

Fahrenheit table, 31 
thermometer, 29 
Charging ammonia, 546 
Chromic acid brine treatment. 371 
Clearance effect, cylinder, 145 
Clearance pocket, 238 
coQStrucUon, 242 
Coal costa, 642 

Coefficient of beat transfer, definition, 42 
Coefficients, mean temperature difference, 594 
Coil and cooler maintenance, 567 
Coils, refrigerating, arrangement, 330 
Cold storage, 
benefits of, 453 
ceiling construction, 466 
commodities, 453 


Cold Storage, cont. 
construction, 456 
equipment for. 482 
floor construction, 466 
floor design, 457 
insulation, 459 
layout of, 462 
location of, 454 
package data, 479 
planning, 470 
refrigeration for, 470 
ventilation for, 476 
wall design, 458 
Comfort air conditioning, 517 
Comfort charts, 518, 519 
Compound ammonia compression, 181 
Compressed air machines, 21 
Compression, adiabatic, 153 
isothermal and adiabatic, 608 
multiple effect, 187 

Compression cycle, fundamental constants, 176 
Compression cycle diagram, 170 
Compression of vai>or, 153 
Compression system, 
analyzed, 177 

compound diagram, 184, 185 
elementary, 12 
intercooling, 237 
principles, 135 
Compressor, 
actual I.H.P., 156 
ammonia, 225 
bhp., tables, 262 
capacity tables, 261, 262 * 
design, 244 « 
clearance pockets, 238, 242 
displacement per ton, 139, 152 
drives, 627 
duplex, 236 
input bp., 157 
lubrication, 246 
maintenance, 561 
mean effective pressure, 156 
multiple effect, 232 
operation, 601 
packing, 576 

power requirements, 155 
theoretical power, 15$ 
true volumetric efficiency, 150 
vertical singlc'acting, 243, 248-250 
volumetric efficiency, superheat, 146, 147 
water jacketing, 246 
Compressor cylinder, 
clearance, 245 
pressure in, 604 
Concrete, handling of, 540 
Condensation, , 
definition, 39 
of vapor, 161 
Condenser, 
atmospheric, 253 
cleaning, 564 
double pipe, 166, 256 
heat removal in, 162, 164, 616 
heat transfer rates, 323 
maintenance, 563 
operating charactetistics, 168 
pressure, temperature, 616, 622 
selection, 621 
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Condenser, cent 
shell and tube, 257 
surface requirements, 16S, 167 
types of, 252 
water requirements, 163 
water systems, 296, 619 
Conduction of heat, 304 
Conductivity, 

heat, equations, 311 
heat, tables. 307, 324 
Congealing: tanks, 336 
Conversion factors, 44 
Conversion of heat, 306 
Cooling, 

by evaporation, 9 
by mixtures, 8 
of air, 487 
of material, 42 
Cooling effect, calculation, 137 
Cooling towers, 298*301 
oiicration chart, 298 
performance, 301 
Cooling water equipment, 296 
Cork. 316 
covering, pipe, 446 
Corrosion control, brine, S71 
Cost data, use of, 653 
Cost of ice or refrigeration, 638 
Creamery refrigeration, 428 
Critical temperature, SI 
Cut-outs, pressure, 380 
Cylinder clearance effect, 14S 
Cylinder clearance, standards. 145 
Cylinder heating effect, 145 

D 

Dairy refrigeration, 428 
Demineralizing of water, 413 
Dense air machine, 22 
Density, 
dehned, 25 
of vapor, 57 

Depreciation of equipment, 558 
Desert cooling, 4 

Design of ammonia compressors, 244 
Dew point, 496 

Dichromate brine treatment, 571 
Dieline, properties, 290 
Direct expansion, 
coil length maximum, 333 
pipes in air, 329 
surface per ton, 333 ' 

surface required, 332 
systems, 329 

Discharge temperature, 599 
chart, 602 

Displacement, 
actual, 151 
per ton, 139 
theoretical table, 144 
Dissociation, latent beat of, 39 
Distilling system, water, 421 
Double pipe condensers, 256 
characteristics, 166 

Double pipe cooler surface per ton uf ice, 392 
Drinking water cooling, 440 
Dry ice. 283 
compressors, 236 
Duplex compressors, 236 


E 

Economy of operation, 631 
Effective temperature, 517 
EfHciency, volumetric, 143 
Electric drive, 629 
Electric power costs, 645 
Electrolux system, 278 
Energy, de6ned, 26 
Engine room logs. 655 
Engines, 

efficiency of, 643 
steam demand of. 643 
Entropy, 

calculation of, 62 
defined. 34 
of evaporation, 61 
of liquid, vapor. 61 
temperature relations, 62 
Equipment location, 534 
Estimating loads, 41 
Ethyl chloride systems, 286 
Evaporating system, elementary, 10 
Evaporation. 

and condensation, definition, 39 
of refrigerant, principles of, 136 
per ton, 139 
Evaporative, 
condensers, 300 
cooling. 4 
Evaporator, 
distilled water, 422 
heat transfer rates, 323 
surface per ton of ice, 392 
Exchangers, absorption system. 274 
Ex|>ansion valves, 374 
automatic, 368 
functions, 136 

F 

Fahrenheit thermometer. 29 
•Centigrade tabic, 30 
Fibcrglas, 318 
Fin cooling units, 365 
Fixed charges, 640 
Flash gas. effect of, 137 
Flexible plant operation. 63] 

Float control valves, 377 
Flooded systems, 338 
connections, 340 
Forced air system, 18, 357 
Foundation bolts, 540 
Foundation material, 536 
Foundations, machinery, 537 
Freezer load calculation, 42 
Ereczers, ice cream. 436 
Freezing points, 
fruit, 484 
vegetables, 485 
Freon-11, 
properties, 66 
saturated vapor table, 108 
Freon-12, 

diagrams. Cover Pocket 

pounds per ton refrigeration, table, 264 

properties, 65 

refrigerating effect, table, 263 
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Freon- 12, cont. 

saturated vapor tal>le. 1 >hi 
sui>erheat table, 102 
Freon *2 2, 

jiropcrties, 66 
saturated vapor table. 110 
FruU$» freezing points, 484 
Fusion, heat of. 34 

G 

(iaugc pressure, definition, 54 
Generators, absorption, design. 270 
(rimiting. 541 

H 

Hardening rooms, ice cream. 430 
Heat conduction, 304 
Heat conductivity tables, 307* 324 
Heat content, 34, 58 
pressure diagram, 63 
temperature relations, 58, 60 
Heat, 

effects of. 28 
of fusion, 34 
of fusion, ice, 6 
latent, dcBnition, 34 
radiation and convection, 306 
sensible, definition. 34 
lotah definition. 34 
Ileal exchanger, transfer rates, 323 
Meat leakage through walls, 42 
Heat losses, human body. 521 
Heat transfer, 
coefficient, 42, 322, 324 
in apparatus, 319 
total, 309 

Heat transmission in insulation. 3n3 
Heat-work equivalent, 33 
Herringbone coils, 341 
High presure, air system, 4ti7 
High pressure cut-out, 380 
History of refrigeration, 1 
Holdover tanks. 334 
H.p. per ton. theoretical, t,iblc. 158 


air agitation system, 4u5 
air conditioning, 528 
can. 

fillers. 398 

grids and baskets, 399 
hoists, 401 
ratio per ton, 386 
specifications, 39U 
cracking prevention, 413 
freezing, 
capacity, 40 
elementary system, 12 
refrigeration for. 383 
systems, 382 
tanks, 393 
time. 385 
water for, 404 


Ice, cont. 

harvesting ec|uipmcnl, 4(H 
plant, 

costs. 644. 647. 648 
unit costs in. 6S0 
refrigerator principles, 6 
scoring machines, 402 
storage, 423 

requirements, 425 
tank. 

bulkheads, 394 

coils, performance. 344. 345 

design, 394 

Ice cream making, 435 
Indicated hp., 
actual, 156 
theoretical. 158 
Indicator card analysis, 612 
Indirect, 
air system, 18 
brine system, 19 
w'atcr system, 21 

Indoor temperature, desirable, 520 
Input hp., compressor. 157 
Inspection of apparatus, 544 
Installation of apparatus, 533 
Insulating efficiency, 313 
Insulation, choice of. 314 
pipe, 446 
Insulite. 318 

Intercooling between compressors, 23" 
Isothermal compression, 607 

J 

Joints, pipe, 543 

K 

Kilogram calorie defined, 40 

L 

Latent beat, 

condensation, 39 
definition* 34 
evaporation* 10, 39. 58 
of ice, 6 

Leaks* ammonia* 551 
Litharge compound, 543 
Lime treatment, results, 411 
Liquid, 
injection, 237 
intercooling. 237 
receivers, 258 

Load components, refrigeration, 41 
Load factors, plant. 646 
Logs, engine room, 655 
Low pressure air system, 405 
Low temperature compressors, 236 
Lubrication effects, 576 
Lubrication, function of, 586 

M 

Machinery foundations* 537 
leveling of, 541 
location, 533 
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Mtai) effective pressure, ammonia, table, 160 
.Mean temperature, 
difference, 320 

difference coefficients. 322, S94 
Meclianical efficiency, compressor, 161 
Mechanical equivalent of heat, 33 
Metallic packing, $32 
Methods of refrigeration, 3 
Methyl chloride, 
displacement. 266 
pounds per ton, 266 
properties, 68 
refrigerating effect, 266 
saturated v.apor table. 116 
Milk and cream cooling, 433 
Minerals in water, 411 
Mineral wool board. 317 
Mixtures, (reeling, 8 
Mollier diagram, 63 
Motor and generator, operation, S72 
Motor selection, 632 
Motors, ampere rating table, 634 
efficiency of, 645 
Multiple effect compression. 187 


N 

Ncssler's solution. 5S2 
Xeutralizer treatment, water, 418 
Non -condensable gas removal. $53 


0 

Oil. 

61ms. $76 

for steam engines, 590 
refrigerating, $86 
trap maintenance. $62 
traps, interceptors, 251, 555 
Oil engine, fuel use, 635 
Oil engines, refrigeration efficiency. 635 
Operating data, use of. 659 
Oper.itiun and care of apparatus, 557 
Operation of motors and generators, $72 
Overhauling and repairing, 557 
Overhauling routine, 560 


p 

Package data, cold storage, 479 
Packing, 
merits of, 585 
requirements of, 578 
rod or shaft, 576 
types of, $79 
Phenolphthalein paficr, $51 
Physical properties, refrigerants, 51 
Physical units, 24 
Pipe. 

brine cooling, per ton of ice, 392 
connections, 542 
insulation, table, 446 
Piping maintenance, S66 
Piping system, 259 


Plant, 

equipment layout, $36 
location, $34 
operation and care, SS7 
Plate valves, 230 
Power, 
dehned, 26 
for compression, 155 
Pressure, 
absolute, $S 
<lc6ticd, 26 
gauge design, 27 
heat content diagram, 63 
relief valves, 369 
volume di.igram. 6fl6 
IVime movers, 623 
selection, 627 

Properties of substances, table, 35 
Psych rometric properties of air. 5(16 
Pumping-out system. 552 
Pumidng. posver required, 294 
Pumps, 

centrifugal, 293 
reciprocating, 292 
Purging ammonia system, 553 


Q 

tjiialily lielow expansion valve, 137 


R 

Radiation of he.it, 306 
Rating, standard, definition, 40 
Rebollcr, water. 421 
Receivers, liquid, 258 
Records, equipment, 659 
Rectifiers. 272 
Re-expansion effect. 145 
Refrigerant, 
charge required, 549 
eiMnparis<Mi. 68 
costs. 51 

eritkal temperature. 51 
desirable proivrlirs. 5i 
most Used, 49 
selection of, 50 
T and P range, 50 
T and P relations, 54 
Refrigerating, 
m.ichine rating. 40 
media, 49 
oils, 586 

surface coefficients, table, 323 
systems, flooded. 339 
Refrigcr.aliiig effect, 49, 137 
ammonia, table, 140 
table, 373 
Refrigeration, 
distribution systems. 328 
for ice cream. 438 
load components, 41 
methods classified, 3 
production ex|»ense. 64(i 
Relative humidity, tables, 497 
Removing refrigerant, 548 
Renewal of apparatus. 559 
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S 

Safety valves. 369 
Salt brine tables, 134 
Saturated condition, definition. 56 
Saturated vapor defined, 39 
Semi-automatic systems. 370 
Sensible heat, defined, 34 
Shell and tube condensers, 257 
Shipment of material, 534 
Shop tests of equipment, 533 
Skimmer, condensate. 421 
Sling psychrometer, 496 
Sodium chloride brine tables, 134 
Solenoid valves, 376 
Solid carbon dioxide, 233 
Soft packing, 583 
Specific heat, defined. 34 
Specific volume, 
defined, 25 
illustrated, 56, 59 
Spray cooling systems. 296 
Spray nozzle, brine, capacity, 350 
Spray ponds, 297 
Steam engine selection, 626 
Steam, properties of, table, 490 
saturated, table, 220 
Storing of ice, 423 
Strong liquor per lb., NHa, 210 
Sublimation cooling, 9 
Suction pressure and temperature, 597 
Sulphur dioxide, 
displacement per ton, table, 265 
pounds per ton refrigeration, table, 265 
properties, 67, US 
refrigerating effect, table, 264 
saturated vapor table, 115 
Sulphur stick, preparation of, 551 
Sun effect, 524 
Surface coefficients, 309 
Surface requirement, d. e. pipe, 332 
Superheated vapor, defined, 39 
Synchronous motors, 633 


T 

Tank, ice freezing, 393 
Temperature, 
conversion table, 30 
defined, 29 
entropy chart, 62 
heat content relations, 58, 60 
measurement, 29 
Temperature difference, 
ammonia and room, 595 
coils and room, 596 
in cold rooms, 593 
with brine coils, 348 
Templets for foundations, 537 
Testing of apparatus, $44 
with vacuum, 546 
Thawing tanks, ice, 399 
Theoretical l.h.p. per ton, table, 158 
Thermal expansion valves, 376 
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Thermometer, 

Centigrade, 29 
Fahrenheit, 29 
uses in plant, 601 
Thermostats, 369, 379 
Throttling of liquid, 177 
Time sheet, ice plant, 652 
Ton of refrigeration defined. 40 
Tools for erection, 544 
Total heat, defined, 34 
Trielene properties, 290 
True volumetric efficiency, 150 
Two-stage systems, 133 


u 

Units, 

of physical measurement. 24 
of refrigeration, 40 


V 

V'acuum refrigeration, 17 
Vapor pressures, aqua ammonia, table, 201 
Vapor volume per ton, 141 
Vegetable, freezing points, 485 
Velocity, ice tank brine, 394 
Ventilation losses, 43 
Vertical shell and tube condenser, 257 
Vertical single-acting compressors, 243 
Vertical trunk coils, 341 
performance table, 344 
Volume, temperature, pressure, relations, 59 
Volumetric efficiency, 143 
clearance, 148 

clearance, factors table, 149 
superheating, 

H. D. A. compressor, 147 
V. S. A. compressor, 146 


w 

Water, 

cooling, industrial, 450 
cooling systems, 440, 450 
distilling system, 421 
for condensers, 619 
for ice making, 404 
heaters, ice thawing, 401 
purification, 410 
solubles, effect on ice, 411 
treatment equipment, 414 
treatment methods, 413 
vapor in air, 495 
Weak aqua coolers, 274 
Weather conditions, 513 
Weight evaporated, per ton, 139 
Wet bulb temperature, 496 
Withdrawing ammonia, 55 S 
Work, 
defined, 26 
heat equivalent, 33 
of compression. 155 




